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1.0 SUMMARY

In this report, velocity and temperature distributions pre-
dicted by a 3-D numerical model are presented and compared with mea-
surements taken during the Dilution Jet Mixing program (Contract
NAS3-22110). In addition, empirical correlations for the jet veloc-
ity trajectory developed in this program are presented. For all of
the configurations tested in the Dilution Jet Mixing program
(Phases I through III), measurements of both temperature and veloc-
ity distributions were made at several axial stations. The measured
temperature distributions were reported in the three previous
reports. The measured velocity distributions for all test cases
performed in this program are presented in this report in the form
of contour and oblique plots. The velocity distributions show char-
acteristics similar to those observed in temperature distributions.






2.0 INTRODUCTION

Advanced aircraft propulsion gas turbine engines for civil and
military applications require increased thrust or horsepower per
unit airflow. The increased power density often results in higher
average combustor discharge temperature with attendant reduction of
the available dilution air. Effective use must be made of the
available dilution air to tailor the combustor discharge temperature
distribution.

The combustor discharge temperature quality is influenced by
nearly all aspects of the combustor design and in particular by the
dilution =zone. To tailor the combustor discharge temperature pat-
tern, the discharge temperature distribution must be characterized
in terms of the dilution zone geometric and flow parameters. Such
characterization requires an improved understanding of the dilution
jet mixing processes.

The present program has been undertaken to acquire a data base
of dilution jet mixing characteristics, to develop empirical jet
mixing correlations and to validate combustor analytical design
models.

The main objectives of the NASA Dilution Jet Mixing Program are
to quantify the effects of the following on the jet mixing charac-
teristics with a confined cross-£flow:

o] Orifice geometry, momentum flux ratio, and density ratio

o} Nonuniform mainstream temperature and velocity profiles
upstream of dilution orifices

o) Cold versus hot jet injection



o Cross-stream flow area convergence (accelerating cross-
stream) as encountered in practical dilution—-zone geome-

tries.
o 2-D slots versus circular orifices
o Discrete noncircular orifices
o Single-sided versus opposed (in-line and staggered) Jjets

o)

Single row versus double row of jets

Besides generating a data base, a limited number of 3-D numeri-
cal computations were made for several dilution jet configurations.
The comparison between the numerical predictions and the test data
are presented in Section 4.

As a part of the program, an empirical model describing the jet
mixing characteristics was developed. The model results for temper-
ature field are reported in References 1 through 3. The empirical
model also predicts the jet velocity trajectory for all the config-
urations tested in the program. A description of the empirical
model for velocity trajectory and the comparison between data and
model results are provided in Section 5.

The temperature measurements obtained in this program are
reported in References 1 through 3. This report contains all the
velocity data obtained in the NASA Dilution Jet Mixing Program under
Contract NAS3-22110.



3.0 DESCRIPTION OF TEST RIG, INSTRUMENTATION, AND DATA REDUCTION

3.1 Test Rig

A schematic layout of the jet mixing test rig is presented in
Figure 1. The mainstream airflow is ducted from the test cell main
air supply through a 15.24-cm internal diameter pipe. A transition
section connects the inlet pipe to a rectangular cross section of
constant width (30.48 cm) and adjustable height.

A perforated plate with 25 holes of 1.43-cm diameter provides a
relatively uniform airstream at the profile generator plenum. The
profile generator duct incorporates an adjustable bottom wall to
match the test section inlet height, which can vary from 10.16 cm to
15.24 cm.

A separate air supply enables the profile generator to provide
the desired radial profile of temperature and velocity upstream of
the jet-injection plane.

A third air supply allows the dilution injection orifices to
vary jet velocity and density. A number of interchangeable dilution
orifice plates and test section geometries are used to study con-
fined jet mixing with the mainstream. To minimize the rig thermal
losses, the rig walls are insulated with a 2.54-cm thick layer of
Kaolite insulation.

Detailed descriptions of the profile generator, test sections,
and dilution orifice plates are provided in References 1 through 3.
The test sections used in this program are shown in Figure 2, and
the orifice plate configurations employed are illustrated in
Figure 3.



The rig instrumentation includes a number of wall static pres-
sure taps and flow thermocouples, in addition to a traversing Py/Pg/T
rake.

3.2 Instrumentation

The dilution jet mixing characteristics were determined by mea-
suring temperature and pressure distributions within the test sec-
tion at different axial stations. A traversing probe (Figure 4) is
used for this purpose.

The probe consists of a 20-element thermocouple rake with 20
total-pressure sensors on one side and 20 static-pressure rakes on
the other side. The nominal transverse spacing between the thermo-
couple rake and the total pressure rake is 0.508 cm. The spacing
between the thermocouple and the static pressure elements is
0.508 cm.

The height of the probe between the top and the bottom elements
is 9.35 cm. The first element is located 0.405 cm from the top wall
of the constant-height test section (Test Section I). All the ele-
ments are equally spaced in the vertical direction, providing a nom-
inal spacing of 0.492 cm.

The total-pressure sensor elements are made of Inconel tubes
with an outside diameter of 0.16 cm and a wall thickness of
0.023 cm. The internal conical design of the tube at the inlet pro-
vides a 15 degree flow insensitivity angle. The static pressure
tubes, similar to the total pressure sensors, are dead-ended with
four bleeding holes of 0.03-cm diameter 90 degrees apart and 0.7 cm
from the tip. The total temperature sensors are type K thermocouple
wires with insulated junctions encased in 0.10-cm inside diameter
tubes, supported by 0.21-cm inside diameter enveloping tubes. The
insulated junction tubes exposed to the air stream are 0.76-cm long.
The sensing elements have a straight length of 1.52 cm or more



before the first bend to the probe core, where all tubes are
inserted in a rectangular probe shield, 4.32 x 0.67 cm.

The probe is mounted on a traversing system that allows travel
in three directions. This system allows for a 30.48-cm traverse in
the X-direction (mainstream flow direction) and 22.86 cm in the
radial (Y) and transverse (Z) directions with an accuracy of +0.015
percent. The flow field mapping in the 72 direction 1is made at
several planes starting at Z/S = -0.5 at intervals of 0.1. The mea-
surements in the X-direction were made at axial planes between
X/Hg = 0.25 and X/Hg = 2.0.

The temperature and pressure values from the test rig instru-
mentation are recorded on magnetic tape through a central computer-
ized data acquisition system. An on-line data display system pro-
vides real-time information on selected raw data for monitoring the
flow conditions. The raw data from the magnetic tape is used for
detail data reduction, analysis, and correlation.

3.3 Data Reduction

The pressure recordings from the probe rake were used to com-~
pute the velocity V(X,¥,Z) at the point (X,Y,2). An interpolation
scheme was used to compute pressure (Pg) values at the point where
probe thermocouples are located. From these total and static pres-
sures, a nondimensionalized velocity, V(X,Y,Z)/Vj, was computed.
V(X,Y,2) is obtained from

1/2
v(x,¥,2) = {2 [Pt (X,¥,2) - Pg (X,¥.2)]/p(X,¥,2) |

The jet velocity, V4, is calculated from

vy = 4 mj /(pj N7D2 CD)



where D is the orifice diameter, N is the number of orifices, P is
the jet density (Pj/RTj), and Cp is the orifice discharge coeffi-
cient.

The orifice discharge coefficients were determined by measuring
the pressure drop across the orifice plate (without cross flow) for
a range of mass flow rates. The discharge coefficient, Cp, was
obtained from the relation

AP = 1,99 | _¥c 2
P ACp

where, w, is the corrected flow rate in lbm/gec and A is the geo-

metric area of the orifices in square inches.

. . o] P(psi)
Note: W, = Wy 3% r Where B = g%éj%% , and § T 14.696

The velocity vector in the vicinity of the jet injection plane is
predominantly in the radial direction. In such regions, the velo-
city values obtained from the rake probe are not expected to be
accurate.

An important parameter relevant to the jet description 1is the
jet momentum flux ratio, J, defined as

J = 04V32 /(onVn?)
where

Jet density

©
.
I

I

Mainstream density = Pp/(RTq)
V4 or VJET = Jet velocity at the orifice Vena Contracta

Vp or VMAIN = Mainstream Velocity = ﬁm/(pmAm)



Effective mainstream flow area.

o
8
]

= Mainstream flow rate

8
=]
]

Other flow parameters of interest are:
Mass flux ratio (blowing rate), M or BLORAT = ijj/pme
Temperature ratio, TRATIO = T4/Tpy
Density ratio, DENRATIO = pj/pm
Velocity ratio = V4/Vp.
The geometric parameters of importance associated with the orifice

configuration are: S/Dj and Ho/Dj, where Dy is the effective jet
diameter defined by

0.5
Dy = D(CD>

The quantities described in this section define the geometric
and flow conditions of each test and are reported along with the
reduced data.

The average mainstream velocity, Vy and the average jet velo-
city, Vj, are mass weighted average values for the test. They
represent the correct momentum flux for the mainstream and the jet,
respectively.






4.0 RESULTS OF NUMERICAL CALCULATIONS

The empirical correlations developed in this program and other
existing empirical models describing the jet mixing characteristics
are applicable only within the scope of the experiments from which
these models are generated. Many practical combustion systems have
geometries that are not investigated in these experiments. The jet
mixing behavior in such systems can be predicted by 3-D numerical
calculations. In the Host Aerothermal Modeling Program Phase I
(Contract NAS3-23523), 3-D numerical calculations were performed for
10 dilution jet mixing test cases. The predicted temperature dis-
tributions are reported in Reference 4.

The 3-D calculations performed in that program include the test
configurations shown in Table 1. The predicted temperature and
velocity distributions by the 3-D model for these cases are
presented in Figures 5 through 52 in the form of oblique and contour
plots. The velocity distributions show the same characteristics as
the predicted temperature distributions.

The 3-D model underestimates the mixing of the velocity field.
Decreasing the number of finite-difference grids tends to increase
the mixing, which demonstrates that the solution is grid dependent
and that the numerical diffusion effects are significant. The jet
velocity penetration (corresponding to maximum velocity point) and
the acceleration of the cross flow around the jet are correctly pre-
dicted by the model; but the magnitudes of the predicted velocity
are only within 20 percent of the measured values.

As a part of the Phase III Dilution Jet Mixing Program, similar
3-D numerical calculations were made for six dilution jet configura-
tions shown in Table 2.

The predicted temperature and velocity distributions for these
six cases are presented in Fiqures 53 through 76. These figures

11



TABLE 1. SAMPLE CASES OF 3-D CALCULATIONS PERFORMED IN
HOST AEROTHERMAL MODELING PROGRAM

DJM Test
Case No.
Case Orifice Number of Orifice Test
No. Configuration Nodes Dia (cm) S/D Hg/D J Phase No.
1 Single-Sided 35x33x17 1.27 2.0 8.0 22,32 I 5
2 Single-Sided 27x26x8 1.27 2.0 8.0 22.32 I 5
3 Single-Sided 35x33x17 1.27 2.0 8.0 92.63 I 6
4 Single-Sided 27x26x8 1.27 2.0 8.0 92.63 I 6
S Single~Sided 35x33x17 1.80 2.83 5.66 25.48 II 50
6 Single~-Sided 32x29x21 1.80 2.83 5.66 25.48 I1 50
7 Single-Sided 45x23x19 2.54 2.0 4.0 18.59 I 2
8 Single-Sided 40x23x21 2,54 4.0 4.0 23.51 I 4
9 Single-Sided 40x23x21 2.54 4.0 4.0 5.31 I 3
10 Top Cold Profile 45x23x19 2.54 2.0 4.0 31.79 I 13
11 Opposed In-Lineé 35x33x17 1.27 2.0 8.0 24.94 1I 2
12 Opposed Staggered 22x27x33 2.54 4.0 4.0 26.41 II 28

12




TABLE 2. SAMPLE CASES OF 3-D CALCULATIONS PERFORMED IN
THE NASA DILUTION JET MIXING PROGRAM

DJM Test
Case No.
Case Orifice Number of Orifice
No. Configuration Nodes Dia (cm) s/D Hg/D J Phase | Test No.
13 Single-Sided 36x29x19 1.27 4.0 8.0 28.37 I 7
14 In-Line, 2 Rows 41x23x21 1.80 2.83 5.66 26.27 III 6
1.80 2.83 5.66 26.85
15 Single~-Sided 42x28x17 2.54 2.0 4.0 26.36 I 26
Conv. Duct
16 45-Deg. Slot 45x23x19 2,54 2.0 4.0 27.13 III 19
17 Offset, 2 Rows 41x23x21 1.80 2.83 5.66 26.79 IIX 1l
1.27 2.00 8.00 26.63
18 Single-Sided 45x23x19 2.54 2.00 4.00 26.24 III 22

13



show the contour and oblique plots of nondimensionalized temperature

and velocity distributions, along with their vertical profiles along

the jet centerplane. The following general conclusions are made

from these figures:

14

The jet wvelocity penetration is farther than the tempera-
ture penetration.

The 3-D model underestimates the mixing of velocity and
temperature £fields, especially in the transverse direc-
tion.

The predicted centerplane velocity profiles are in good
agreement with the data. The centerplane velocity pro-
files are more accurately predicted by the 3-D model than
the temperature profiles.

For 45-degree slots, the 3-D numerical model correctly
predicts the transverse shift of the centerplane profiles,
as well as the rotation of the theta contours. The
rotation of theta contours is not predicted by the Garrett
empirical model for angled slots.

The 3-D model predictions are in qualitative agreement
with the data. Improvements in the numerics and turbu-
lence models are needed to accurately correlate with the
measurements.



5.0 VELOCITY TRAJECTORY CORRELATIONS

The interaction of dilution jets injected normally into a con-
fined cross flow is highly complex and three-dimensional in nature.
Accurate characterization of this interaction requires multidimen-
sional models. Such models are currently in development and are not
yet validated. Furthermore, the multidimensional models are not
currently cost effective for making hardware changes in the combus-
tor to meet the combustor exit profile requirements. In order to
aid the combustor design efforts, GTEC developed empirical models
for characterizing the dilution jet mixing in confined cross flows,
by using the data obtained in this program. The empirical model is
based upon the correlations reported in Reference 5. The GTEC cor-
relations are applicable to the following configurations:

Single sided and opposed jets

Single row as well as multiple rows of jets

Circular and noncircular jets

2-D slots and discrete angled slots.

Nonuniform cross flow temperature and velocity profiles

o 0O O O O O

Flow area convergence.

Descriptions of the empirical model and 1its results were
reported in References 1 through 3. In these references, only the
temperature field was presented. In addition to correlating the
temperature field, the empirical model also estimates velocity
trajectory.

The expression for jet velocity trajectory developed in the

GTEC empirical model is based upon the following form proposed by
Walker and Eberhardt (Reference 6):

0.12 0.23 0.57 0.18
Yy/Dj = 0.549 J (S/D4) (Ho/D4) (X/Dj) (1)

15



where,

Yy is the jet velocity penetration

Dy is the effective jet diameter

S is the orifice spacing

Hg is the channel height at jet injection plane
J is the momentum flux ratio.

Preliminary comparison between data and this expression indi-
cated poor agreement between the two. Based upon the data obtained
in this Dilution Jet Mixing Program, the following expression was
developed at GTEC for correlating the jet velocity trajectory:

v 0.12 0.23 0.57 a (2)
(£)- = (%) & (5
Dj Dj Dj Dj
where,
0.35
ap = 0.765 [1 + g—ﬁ] (3)
1.25
— dH
") = 0.12 [1 + Hi] (4)

and %% is a measure of the rate of area change.

For a straight duct

(dH/dx = 0) ag = 0.765 and a = 0.12.

Note the difference between equations (1) and (2), namely,
larger value of empirical constant ap and slower decay in the

stream-wise direction. Both these equations give the same jet
trajectory for X/Dj = 250.

16



The results obtained from equation (2) and their comparison
with test data are presented in Figures 77 through 99. In these
figures, the locations of measured jet trajectories are shown by
symbols, and predictions are shown by solid lines. For opposed and
double rows of holes, the trajectories corresponding to the bottom
injections or aft row of jets, whichever is applicable, are shown by
the broken lines. 1In these figures, the data points were obtained
by interpolating between the measured values. It is important to
note that the velocity measurements were made using a probe rake.
Such measurements are not expected to be accurate close to the jet
injection plane. Consequently, the velocity trajectory data in
those regions are not accurate. The following general conclusions
are made by comparing the trajectories obtained from the empirical
model with the test data:

o The empirical model correctly predicts, within measurement
accuracy, the trajectories for S/D = 2 and underestimates
it for S/D = 4.

0 The model underestimates Jjet velocity trajectories for
tests using convergent ducts.

o For opposed jets, the empirical model accurately predicts
the Jjet penetrations for in-line arrangements; the agree-
ment between data and model results are poor for staggered
configurations.

0 The empirical model underestimates the jet penetrations
for 2-D slots when equation (2) is used with S/Dj=l and

Ho/D4 is replaced by Ho/w, where w is the slot width.

0 Jet velocity trajectories for bluff slots and 45-degree
slots are accurately predicted by the model, while those

17
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for streamlined slots are underestimated. For these dis-
crete slots, the D5y values employed in equation (2) cor-
respond to those of equivalent area circular holes.

For double rows of jets, the model accurately estimates
jet penetrations for in-line arrangement and underesti-
mates them for staggered and offset configurations. For
multiple rows of jets, the lead row jet penetrations cor-
relate well with the measurements.

The empirical model for velocity trajectory must be evalu-
ated against more accurate data on trajectory.



6.0 RESULTS OF VELOCITY MEASUREMENTS

In References 1 through 3, the measured temperature distribu-
tions were presented for all test cases performed in Phases I
through III. The test configurations and flow conditions for these
tests are presented in Tables 3 through 12. In all these test
cases, total and static pressure measurements were made in addition
to obtaining thermocouple data, as described in paragraph 4.1. From
the total and static pressure data, the axial velocity component is
computed in the form described in paragraph 4.2. The measurements
obtained from the rake probe are not reliable in some regions,
especially in regions close to the injection plane where the veloc-
ity vectors are not aligned with the total pressure elements. In
these regions, the measured rake probe static pressures show higher
values than the corresponding total pressure data. The velocity
values in such situations are set equal to zero. The measured
velocity distributions are presented in nondimensional form as
(U-Vmain)/Viet-

Evaluation of the test data showed that for some of the test
cases, the accuracy of velocity data was very poor. For these test
cases, the velocity data will not be presented:

o) Phase I - Tests 19 through 22 and 35 through 38.

o Phase II - Tests 1, 2, 7, 8, 9, 10, 11, 27 through 34,
43, and 44, 46, 47, 48 and 51.

For the remaining test cases performed in Phases I through III,
the nondimensionalized velocity distributions are presented in the
form of contour plots and oblique plots. These results are shown in
Figures 100 through 183. The following conclusions are drawn from
the velocity data:

19
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The jet velocity penetration (location of maximum veloc-
ity) 1is farther than the jet temperature penetration.
However, when the jet penetration is close to the opposite
wall, the Jjet velocity and temperature centerlines are
close to each other.

The rate at which laterally two-dimensional profiles are
obtained for velocity is faster than the rate for tempera-
ture distributions.

The jet-to-mainstream density ratio, pj/pm, has at best a
second order influence on the velocity distributions for a
given momentum f£lux ratio.

The influence of nonuniform mainstream velocity profile on
the velocity distribution is significant; but the super-
position scheme applicable to temperature distributions
may not be applicable to velocity distributions (Figures
112-117 and 135-140).

Flow area convergence enhances jet mixing. Velocity dis-
tributions in an asymmetrically convergent duct with jet
injection from the flat wall (Figures 122-125) are very
similar to those in an equivalent symmetrically convergent
duct (Figures 118-121) at the same momentum flux ratio.
For an asymmetrically convergent duct with jet injection
from the slant wall, the velocity gradients in the verti-
cal direction (Figures 126-129) are steeper than those
with flat wall injection or symmetrical convergence. The
jet spreading rates in the transverse direction are faster
for slant wall jets than the other two configurations.

Opposed jets injected into an asymmetrically convergent
duct produce velocity distributions (Figures 149-156)
similar to those in a symmetrically convergent duct



(Figures 141-148) beyond X/Hg = 0.5. In the regions
closer to the injection plane, the jets from the slant
wall show deeper penetration than those from the flat
wall.

Orifice plates having the same S/Hg ratio produce similar
velocity distributions at the same momentum flux ratios.

The velocity distributions produced by streamlined slots
are similar to those of equivalent area circular holes
with the same S/Hy and momentum flux ratio in regions
beyond X/Hg = 1. In the regions closer to the jet injec-
tion plane, the velocity profiles for streamlined slots
show smaller vertical gradients compared to equivalent
area circular holes.

The bluff slots have smaller jet velocity penetration com-
pared to streamlined slots or equivalent area circular
holes, but the velocity distributions are more two-dimen-
sional in nature. The bluff slots produce larger vertical
velocity gradients compared to equivalent area circular
holes.

Double rows of in-line jets with S/D = 2.83, Hg/D = 5.66
(Plate M-3, Figure 3) produce velocity distributions very
similar to those of single row of jets with the same
spacing and diameter at the same momentum flux ratio. The
velocity profiles for these two orifices are similar,
while the magnitudes are different. Plate M-3 produces
smaller velocity gradients in the vertical direction than
the equivalent area circular holes (Plate 01/02/04) at the
same momentum flux ratio.

The configuration with a double row of dissimilar holes
(Plate M-5, Figure 3) produces steeper velocity gradients
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in the vertical direction compared to Plate M-3. These
gradients are still smaller compared to those produced by
a single row of jet of equivalent area.

In orifice Plate M-5, increasing the flows in the down-
stream row of jets increases the velocity gradients in the
vertical direction.

Plate M-6 (with leading row of holes having S/D = 2 and
Ho/D = 8) produces velocity profiles very similar to those
of orifice plate 01/02/08 (single row with S/D = 2 and
Hg/D = 8) (See Figure 3 for orifice configurations.).

The 45-degree slot generates a skewed vortex field, which
shifts the velocity centerplanes in the direction of slot.
In addition, the vortex field rotates the velocity con-
tours about the axis of the slot.



7.0 CONCLUSIONS

The NASA Dilution Jet Mixing program under Contract NAS3-2210,
was directed toward characterizing mixing processes of jets injected
into a confined cross flow. Measurements of temperature and
velocity were made for several orifice shapes and configurations.
The velocity distributions for these test cases are presented in
this report. In addition, empirical correlations were developed to
quantify the jet velocity trajectory. Comparison between the data
and the empirical model shows agreement within the accuracy of mea-
surements for most of the jet configurations studied.

As a part of the program, 3-D numerical calculations were per-
formed for several different orifice configurations. The 3-D model
underestimates the mixing of velocity and temperature fields.
Advanced numerics and turbulence models are needed to improve the
accuracy of 3-D model predictions.
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LIST OF SYMBOLS

A Test section cross-sectional area at survey plane

AR Aspect Ratio (frontal width/streamwide length)

Cp Orifice discharge coefficient

D Geometric orifice diameter

Dy Effective orifice diameter

Hyp Duct height at the jet injection plane

J Momentum flux ratio ijjz/pme2

Py Stagnation pressure

Pg Static pressure

S Orifice spacing

T Temperature

\Y Velocity

X x direction, parallel to duct axis

Y y direction, parallel to orifice centerline (radial
direction)

Yy Centerplane velocity trajectory

Z z direction, normal to duct axis (transverse direction)

Greek

0 Temperature difference ratio

s Density

Subscripts

av Average

EB Equilibrium value

j Jet property

max Maximum

m Cross-flow property, average value
F First or lead row jet conditions

B Back or aft row jet conditions
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DIAMETER
SYMBOL (CM) $/D
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Figure 11. Predicted Velocity
Distributions for Test Case 2 -
Table 1.
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Distributions for Test Case 3 -
Table 1.
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Figure 15. Predicted Velocity
Distributions for Test Case 3 -
Table 1.
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Figure 21. Predicted Temperature
Distributions for Test Case 5 -
Table 1
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Table 1.

49



CONTOUR 1 2 3 4 5 6 7 8 9 10 11

VALUE 0.0000 0.0500 0.1000 0.180C 0.2000 0.2500 0.3000 0.3500 0.4000 0.5000 0.6000
+ 0.0 0.0 4 0 3 5100 i Do 4 o
Ml gy < ¢ 2 2 2
i H H ) N e
) 7 595E
0.5 o ok Al O o 0% st EX o5 0 A
SRS 051, 278 e o wreest 151, 27 o o 2 RSRGE 013, 255 Tt o, o
PREDICTED VELOCITY CONTOURS FOR TEST NO. §.35X33X17, J=25.48, $/D=2.83. H/0=5.66
S/DJ = 3.37 HO/DJ = 6.74 VRATID = 3.41 TRATIO = 0.464 DENRAT10=2.191 TMAIN = 358.3 K TJET = 168.4 K THEB = 0.205
X/H = 0.25 X/DJ =1 .68 X/H = 0.50 X/DJ =3.37 X/% = 1.00 X/DJ =5.74
. .
B 2 g
£ 8| g
= %1 .
g gl g
8 E’i{ &2
Fd I ® . o
g gy - ]
g ax__i o &
g 3 [
& e -
(U-YMAIN)/VJET (U-YMAIN)/VJET (U-VMRIN)/VJIET

COMPARISON BETWEEN DATA AND PREDICTIONS FOR TEST 5. 35X33X17. SINGLE SIDED ROW OF JETS, J = 25.48 . S/D =2.83 . H/D =5.66

Figure 24, Comparison Between Predicted
and Measured Velocity Distributions for
Test Case 5 - Table 1.
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Figure 25. Predicted Temperature
Distributions for Test Case 6 -
Table 1.
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Distributions for Test Case 6 -
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Figure 27. Predicted Velocity
Distributions for Test Case 6 — Table 1.
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Figure 29. Predicted Temperature
Distributions for Test Case 7 - Table 1.
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Figure 30. Comparison Between
Predicted and Measured Temperature
Distributions for Test Case 7 -
Table 1.



CONTOUR 1 2 3 4 S 3} 7 8 9 10 11
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Figure 31. Predicted Velocity
Distributions for Test Case 7 -
Table 1.
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CONTOUR 1
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2
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X/HO = 0.500
X/0J = 2.43
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Figure 33. Predicted Temperature
Distributions for Test Case 8 -
Table 1.
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Predicted and Measured Temperature
Distributions for Test Case 8 -
Table 1
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CONTOUR 1 2 3 4 5 6 7 8 5 10 11
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Figure 35. Predicted Velocity
Distributions for Test Case 8 - Table 1.
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Figure 36. Comparison Between Predicted
and Measured Velocity Bistributions for
Test Case 8 - Table 1.
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PREDICTED THETA DISTRIBUTIONS FOR TEST NO. 2. FINE GRID. J=6.14. §/D=4.0, H/D=4.0

Figure 37. Predicted Temperature
pistributions for Test Case 9 - Table 1.
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Figure 39.
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Table 1.
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Figure 40. Comparison Between
Predicted and Measured Velocity
Distributions for Test Case 9 -
Table 1.
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CONTOUR 1 2 3 4 5 6 7 B8 9 10 i 12
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PREDICTED THETA DISTRIBUTIONS FOR TEST NO. 13, TOP COLD, J=22.63, §/D=2.0, H/D=4.0
Figure 41. Predicted Temperature
Distributions for Test Case 10 - Table 1.
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Distributions for Test Case 10 -
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Figure 43. Predicted Velocity
Distributions for Test Case 10 -
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CONTOUR 1 2 3 4 5 8 7 8 9 10 11
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Figure 45. Predicted Temperature
Distributions for Test Case 11 - Table 1.
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Figure 49, Predicted Temperature
Distributions for Test Case 12 - Table 1.
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Figure 53. Predicted Temperature

Distributions for Test No. 13 - Table 2.
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Figure 55. Predicted Velocity
Distributions for Test No. 13 - Table 2.
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Figure 61. Predicted Temperature
Distributions for Test No. 15 - Table 2.

87



CONTOUR 1 2 3
VALUE 0.0500 0.1000 0.1500
£ g
g s
z 2
£ ¢
2 2 [
oF 05 0.8 i
TRRVERSE ST, 2/ RNSYERSE DIST T
8/04 = 2.56 He/BJ =6.12 VYRATIO = 3.44
X/H = 0.50 X/DJ =2.56
g om e om
g
5
g
g
§
:
8 L]
e e O
R

[TMRIN-T)/LTHAIN-TY)

COMPRARISON BETWEEN DATA AND PREDICTIONS FOR TEST

4 5 5 7 8 3 10 1
0.2000  0.2500  0.3144  0.3500  0.4000  0.4500  0.5000  0.6000
o 0.0 ‘ .0 ‘ 00
§ 5 H H
8 H g §
2 - 5 H
¢ [ i 2 L
g H g \ H
-0.F s 1.0 10 /\\ 1.0

25 75 " s
TRANSYERSE 018, /S TRENSVERSE DIST, /5

5.5 oF
X [
TRANSVERSE DiST, /5 TRANSVERSE DiST. 25

PREDICTED THETA CONTOURS FOR TEST NO. 3,CONV DUCT. J=26.36. S§/D=2.0C, H/D=4.C0

TRATIO = 0.456  DENRATIO=2.225  TMAIN = B50.8 K TUET = 286.9 K THEB = 0.314
X/H =075 X/DJ =3.84 X/H = 1,00 X/DJ 5.12

o o Si""“

g [N

H &

H . g

" 4 5

g . g

& . &

& T &

H % s .

8 H - 2 a

e A P D

{THRIN-TIZUTMAIN-TY)

CTHRIN=T 3/ (THRIN-TJ)

15,CONY DUCT, INCLINED WALL IMJECTION, J = 26.36 , S§/D =2.00 ., H/D =4.CO
Figure 62. Comparison Between Predi

; ted
and Measured T istribution
509 Measured ;:gi;a;\jre Distributions for

88



CONTOUR 1 2 3 4 5 B 7 8 ] 10 11
VALUE 0.0000 0.0500 0.1000 0.1500 0.2000 0.2500 0.3000 0.3500 0.4000 5000 0.6002
3 - i ) : )

o 00 X

yaY

o

RPDIAL OIST. Y/H
RADIAL DIST. Y/H
RADIRL DIST. Y/M

e = o 10

TRANSVERSE DIST, 2/5 IRANSVERSE DIST, 2/5 TRANSVERSE DIST. 2/5

PREDICTED VELOCITY CONTOURS FOR TEST NO. 3,CONV DUCT.J=26.36, 5/0=2.00, H/0=4.00

o ga aw om a

1.000

X/HD = 8-500 X/HD
= 2.6t 5.12

x/0J

1o 7 vET (U / vET U / VET

PREDICTED VELOCITY DISTRIBUTIONS FOR TEST NO. 15,42X28X17, J=26.36, 5/D=2.00, H/D=4.00
Figure 63. Predicted Velocity
Distributions for Test Ne. 15 - Table 2.
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Figure 65, Predicted Temperature
Distributions for Test No. 16 - Table 2.
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Figure 67. Predicted Velocity
Distributions for Test No. 16 - Table 2.
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Figure 69. Predicted Temperature
Distributions for Test No. 17 - Table 2.

95



CONTOUR

VALUE

RROLAL DIST, Y/H

RROIRL DIST. T/H

1 2 3
0.10c0 0.1500 0.2000 0.

00

OTAL Q18T Y/

-3

4 5 6 7 8
2500  £.3000 0.3422  0.4000  0.4500

R0t OIS, ¥
/s >
S

—/

§/0J = 3.42

W4 =0.28  X/DJ =171

"3
&
]
i
]

o BN XTI g

(THAIN-T)/(TMAIN-TJ)

o8 X
TRAWSVERSE DIST. 2/8

05

e 0s
TRANSVERSE DIST, 2/5 TRRUSVERSE DIST. 2/5

£l 10 11
0.5000 0.8000 0.7000

Ll

RADIAL DFST, Y/H
RADIAL DIST. Y/M

10

-5 05 -0- 05
TRANSVERSE DIST, /5 TRRNGVERSE DIST, 2/5

PREDICTED THETA CONTOURS FOR TEST NO. 5. PLATE M5, J=26.79, §/0=2.83, H/D=5.66

HO/DJ =6.83 VRATIQ = 3.49 TRATIO = 0.463 DENRATI0=2.203 TMRIN = 877.2 K

XM = 0.50  X/DJ 3.42

o

w FERCENL OCTHRIONT g

COMPRARISON BETWEEN DATR AN PREDICTIONS FOR TEST

Tm swm am  dm e

(THAIN-T3/(THAIN-TJ}

17,PLATE M5, AXTAL STAGED INJECTION

TJET = 313.5 % THEB = 0.342

X/H=1.00 X/DJ 5.83

DY T ™

o

P P PR SR

{TMATN-TI/(THRIN-TJ)

J =z 26.79 , 8/D =2.83 , H/D =5.66

Pigure 70. Comparison Between Predicted
and Measured Temperature Distributions for
Test No. 17 - Table 2
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Figure 71. Predicted Velocity
Distributions for Test No. 17 - Table 2.
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Figure 73. Predicted Temperature
Distributions for Test No. 18 - Table 2.
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Figure 75. Predicted Velocity
Distributions for Test No. 18 - Table 2.
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Figure 8l. Predicted and Measured Velocity Trajectories for
Different Convergence and Jet Injection Angles,
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Figure 82. Predicted and Measured Velocity Trajectories
in a Straight Duct for S/D = 4, Hp/D = 4.
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Figure 83. Predicted and Measured Velocity Trajectories
in a Straight Duct for S/D = 2, Hg/D = 8.
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Figure 84. Predicted and Measured Velocity Trajectories
in a Symmetrically Convergent Duct with Non-Uniform
Mainstream Profile, S/N = 4, Hqg/D = 8 (Test Section V).
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TEST NO 13, TOP COLD PROFILE. PHASE 11
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Figure 88. Predicted and Measured Velocity Trajectories with Unequal Momentum
Flux Ratios, Flow Area Convergence, for Opposed Jets;
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ORIFICE PLATE 01/02/04 (INL)}
J=6.70

PERCENT OF DUCT HEIGHT
00
(

87 ] - b ]

a—" T a
7~

g8

€ a

8

8 T T T n

0.00 0.50 1.00 1.50 2.00

TEST NO S1., OPPOSED JETS - PHASE II
ORIFICE PLATE 01/04/04 (INL}

8 J = 6.67
o
f— a
2 g
¥ g s
—
=]
. 8
S B : (o =
P — T e e e [ Y
= 7 a
a}
z 8
a. B
8
—8- L T T 1
0.00 .60 1.00 1.50 2.00
X/HO
Figure 91.

TEST NO 47, OPPOSED JETS, PHASE 11
ORIFICE PLATE 01/02/04 (INL)

8 J = 25.54
o
5
w 8
r 8§
— ®
X}
a
8
S g
—_ T —=
=z e a a
B a
= 8
o, 8
A
8
§ T T T U
0.00 0.50 1.00 1.50 2.00
X/HO
TEST NO 29, OPPOSED JETS. PHASE II
ORIFICE PLATE 01/04/04 (INL)
8. J = 26.85
(-]
%
a
o8
r g
—
)
=
8 o
&84 = @
e ———
z A 3 A A
i
g8
a. B
g
§ T T L -1
0.00 0.50 1.00 1.50 2.00
X/HO

TEST NO 48, OPPOSED JETS - PHASE II
ORIFICE PLATE 01/02/04 (INL)

B J = 84.14
o™
—_
g q
$ g1 °
—
3
yw B
o B
— It - e .. ]
Z a a
& 8 a
& B .
8
§ 1 1 T k)
0.00 0.50 1.00 1.50 2.00
X/HO

TEST NO 30, OPPOSED JETS., PHASE Il
ORIFICE PLATE 01/04/04 (INL)

J = 106.88
8
D-‘
%
w 8
r @9
[
[&]
a
8. -]
% 2 ® [ ] -]
- | —————
= - a A
'('l_)" A
= 8
o 81
g
§ T T T 1
0.00 0.50 1.00 1.50 2.00
X/HO

Comparison Between Predicted and Measured Velocigy Trajectories
For Opposed In-line Jets with Hg/D = 4 in a Straight Duct.



118

Figure 92.
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TEST NO 31R, ONE-SIDED JET, PHASE II
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Figure 93. Predicted and Measured Velocity Trajectories for 2-D Slots.
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Figure 94. Predicted and Measured Velocity Trajectories for the Remaining
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TEST NO 1, ONE-SIDED JET, PHASE II:
STREAMLINED SLOTS, AJ/AM=.098
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Figure 95. Predicted and Measured Velocity Trajectories
for Streamlined and Bluff Slots (Equivalent Site and
Spacing to Orifice Plate 01/02/04).
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TEST NO 1, SINGLE SIDED ROW OF JETS
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Figure 97. Comparison of Predicted and Measured Velocity Trajectories for
Plate 01/02/04, Plate M-4, and Equivalent Single Row of Jet Configurations.



XA
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Figure 98. Predicted and Measured Velocity Trajectories for Double Row of
Jets with Unequal Momentum Flux Ratios.
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TEST NO 1, ONE-SIDED JET, PHASE I
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Comparison of Predicted and Measured Velocity Trajectories for

45-degree Slot and Equivalent Circular Holes.






$ =0.0508 METERS §/0J = 2.443  HO/DJ = 4.887

YMAIN = 4.8

M/SEC YJET

VRN ET

MEASURED VELOCITY PROFILES FOR TEST NG 1,TEST SECTION I, ONE-SIDED JET .

CONTOUR 1 2 3
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z H
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g g
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s s s s

TRANSVERSE DIST, 2/5 TRANSVERSE OEST. 275
MERSURED VELOCITY PROFILES FOR TEST

Figure 100. Measured Velocity
Distributions for Test No. 1 of DJM Phase I
Testing.
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$ =0.0508 METERS §/0J = 2.582  HO/DJ = S.164 VMAIN = 5.0 M/SEC VJET = 15.9 M/SEC  TMAIN = 361.8 K TJET = 171.1 K  THEB = 0.2705 BLORAT= 6.281 DENRATIO= 2.132 TRATID=0.473

0.500
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X/DJ = 8.18

2.000
10.33

! =
A/HO = 1500 \$~.
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U-VRINIUET CGIPRINIAVET AN (I ET

MERSURED VELOCITY PROFILES FOR TEST NO 2,TEST SECTION I, ONE-SIDED JET , J =18.58 ., 5/D=2.00 . H/D=4.00

(oI AT

CONTOUR 1 2 3 4 5 6 7 8 E) 10 11
VALUE $.0000 0.0500 G.1000 5.1500 0.2000 0.2500 $.3000 0.3500 0.4000 0.5000 0.6000

RRDIAL DIST. Y/H

RADIAL DIST. Y/H
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MEASURED VELOCITY PROFILES FOR TEST NO 2.TEST SECTION I. ONE-SIDED JET ,J = 18.59 ,8/D =2.00 ,H/D = 4.00

TRANSVERSE DIST. 2/

Figure 10l. Measured Velocity
Distributions for Test No. 2 of DJM Phase I
Testing.
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§ =0.1016 METERS §/Dd = 4.682  HO/DJ = 4.682 VMRIN = 4.6 M/BEC VJET = 7.9 M/SEC TMAIN = 360.7 K TJET = 170.5 K  THEB = 0.1074 BLORAT= 3.356 DENRATIO= 2.122 TRATID=6.473
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MEASURED VELQCITY PROFILES FOR TEST NO 3,TEST SECTION I. ONE-SIDED JET , J =5.31 . 8/0 = 4.00 « H/D = 4.00
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MERSURED VELOCITY PROFILES FOR TEST NO 3.TEST SECTION I, ONE-SIDED JET ,J = 5.31 »S/0 = 4.00 ,H/D =4.00

Figure 102. Measured Velocity
"Distributions for Test No. 3 of DJM Phase I
Testing.
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§ =0.1016 METERS $/0J = 4.868  HO/DJ = 4.869 VMAIN = 4.5 M/SEC VJET = 15.9 M/BEC  TMAIN = 361-8 K TJET = 168.8 K  THED = 0.1915 BLORAT= 7.148 DENRATIO= 2.174 TRATI0=0.457
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MERSURED VELOCITY PROFILES FOR TEST NO 4,.TEST SECTION I, ONE-SIDED JET . J =23.51 » S/D = 4.00 » H/D = 4.00
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VALUE 0.0000 0.0500 0.1000 0.1500 0.2000 0.28500 0.3000 0.3500 0.4000 0.5000 0.6000

Ly Lo bas st
DNV

v L j b AR
=3

EX) 15 0.5 15 0.5 8 o8 s s 15

TRANSVERSE DIST, /8 TRANGVERGE DIBT. 2/ TRANBVERSE DIST, 2/5 TRANGVERSE DIST. /5 TRRNSYERGE DiST. /8
MEASURED VELOCITY PROFILES FOR TEST NO 4,TEST SECTION I, ONE-SIDED JET ,J = 23.61 ,S5/D =4.00 ,H/D = 4.00
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RADIL DIST, Y/H
RADIF. DIST. Y/H
RADIAL DIST, Y/H
RADEAL DIST. Y/t

& .4

Figure 103. Measured Velocity
Distributions for Test No. 4 of DJM Phase I
Testing.
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8 =0.0254 METERS §/DJ = 2.582 HO/DJ = 10.328 VMAIN = 4.6 M/SEC VJET = 15.8 M/SEC  TMAIN = 360.4 K TJET = 171.3 K THEB = 0.1687 BLORAT= 6.880 DENRATIO= 2.128 TRATIO0=0.475
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MERSURED VELOCITY PROFILES FOR TEST NO 5,TEST SECTION I, ONE-SIDED JET , J =22.32 » /0 =2.00 , H/D =8.00
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MERSURED VELOCITY PROFILES FOR TEST NO 5,TEST SECTION I, ONE-SIDED JET ,J = 22.32 ,S/D =2.00 ,H/D = 8.00
Figure 104. Measured Velocity
Distributions for Test No. 5 of DJM Phase L
Testing.
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§ =0.0254 METERS §/0J = 2.571  HO/DJ = 10.285 VYMAIN = 4.6 M/SEC VJET = 31.6 M/SEC TMAIN = 360.9 K TJET = 166.2 K  THEB = 0.3018 BLORAT= 14.554 DENRATIO= Z.Zé7

TRATI0=0.460

X/HO = 0.750
X/Dd = 7.7
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MERSURED VELOCITY PROFILES FOR TEST NO 6.TEST SECTION 1. ONE-SIDED JET . J =92.63 ., §/0=2.00 , H/D=8.00

CONTOUR 1 4 3 4 3 6 7 8 9 10 11
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MERSURED VELOCITY PROFILES FOR TEST NO 6,TEST SECTION I, ONE-SIDED JET ,J = 92.63 .5/0 =2.00 .H/D =8.00
Figure 105. Measured Velocity

Distributions for Test:No. 6 of DJM Phase I
Testing.

RADIAL DIST, Y/H
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§ =0.0508 METERS $/BJ = 5.143  HO/DJ = 10.285 VMAIN = 4.6 M/SEC VJET = 16.1 HN/SEC  TMRIN = 361.9 K TJET = 167.8 K THEB = 0.1048 BLORAT= 7.127 DENRATIO= 2.182 TRAT10=0.464

e W o ge W o e W e e
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MEASURED VELOCITY PROFILES FOR TEST NO 7,TEST SECTION I, ONE-SIDED JET ., J =28.37 , 8/B =4.00 , H/D =8.00
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VALUE 0.0000 0.0506 0.1000  ©0.1500  0.2000  G.2500  G.3000 0.3500  0.4000  0.5000  0.6000

i i

el bat Lk s R e ey ara—

- EXS [8) 05 18 0.5 18 0.5 15
TRANBVERSE IST, /5 TRANSVERSE DIST. 2/5 TRANSVERSE 0157, 2/§ TRANSVERSE DIST, Z/8 TRANSVERSE DIST, 2/5

RROIAL DIST, Y/H
RROIRL TIST, Y
RRDIAL DIST, Y/H
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MEASURED VELOCITY PROFILES FOR TEST NO 7.TEST SECTION I, ONE-SIDED JET .J = 28.37 ,S/D =4.00 ,H/D =8.00

Figure 106. Measured Velocity
Distributions for Test No. 7 of DIM Phase I
Testing.
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$ =0.0508 METERS §/DJ = 5.143 HO/DJ = 10.285 VMAIN = 4.8 M/SEC VJET = 31.7 M/SEC  TMRIN = 360.7 K TJET = 165.9 ¥  THEB = 0.1808 BLORAT= 14.866 DENRATIO= 2.303 TRAT10=0.460

P - W o
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MEASURED VELOCITY PROFILES FOR TEST NO 8,TEST SECTION I. ONE-SIDED JET . J =96.00 ., §/D = 4.00 ., H/D = 8.00
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MEASURED VELOCITY PROFILES FOR TEST NO 8,TEST SECTION I. ONE-SIDED JET .J = 96.C0 ,S/D =4.00 ,H/D = 8.00
Figure 107. Measured Velocity
Distributions for Test No. 8 of DJM Phase I
Testing.



§ =0.0508 NETERS $/0J = 2.561 HO/DJ = 5.121 VMAIN = 4.7 'M/SEC VJET = 33.3 M/SEC TMAIN = 169.9 K TJET = 284.2 K THEE = 0.1830 BLORAT= 3.765 DENRATIO= 0.B17 TRATI0= 1.673

o e W o
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MERSURED VELOCITY PROFILES FOR TEST NO 8,TEST SECTION I, HEATED JETS . J =22.68 » §/0=2.00 , H/D=4.00

CONTOUR 1 2 3 4 5 6 7 8 9 10 1t
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MEASURED VELOCITY PROFILES FOR TEST NO S,TEST SECTION I. HEATED JETS .J = 22.69 ,5/D=2.00 ,H/D =4.00

Figure 108. Measured Velocity
Distributions for Test No. 9 of DJM Phase I
Testing.
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§ =0.1016 METERS $/0J = 5.165  HO/DJ = 5.185 VMAIN = 4.6 M/SEC VJET = 31.5 M/GEC TMAIN = 162.8 K TJET = 254.0 K  THEB = 0.1024 BLORAT= 3.873 DENRATIO= 0.663 TRATIO=1.560
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MEASURED VELOCITY PROFILES FOR TEST NO 10,TEST SECTION I, HERTED JETS . J =22.63 , S/D = 4.00 , H/D = 4.00
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MERSURED VELOCITY PROFILES FOR TEST NO 10,TEST SECTION [, HERTED JETS .J = 22.83 ,S/0 =4.00 ,H/D =4.00

Figure 109. Measured Velocity
Distributions for Test No. 10 of DIM
Phase I Testing.
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§ =0.0254 METERS 5/0J = 2.582 HO/DJ = 10.327 VMAIN = 4.6 M/SEC VJET = 31.1 M/SEC  TMRIN = 161.3 K TJET = 247.1 K  THEB = 0.1025 BLORAT= 3.875 DENRATIO= 0.672 TRATIO=1.532
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MEASURED VELOCITY PROFILES FOR TEST NG 11,TEST SECTION I, HEATED JETS . J =22.33 . S/0 =2.00 » H/D = 8.00
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MEASURED VELOCITY PROFILES FOR TEST NO 11,TEST SECTION I, HERTED JETS .J = 22.33 ,§/0 =2.00 ,H/D =8.00
Figure 110. Measured Velocity
Distributions for Test No. 11 of DIM
Phase I Testing.
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§ =0.0508 METERS $/0J = 4.961  HO/DJ = 9.821 VMAIN = 4.7 M/SEC VJET = 29.8 M/SEC TMAIN = 183.0 ¥ TJET = 226.7 K  THEB = 0.0617 BLORAT= 4.117 DENRATIO= 0.747 TRATIC=1.39
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MEASURED VELOCITY PROFILES FOR TEST NO 12,TEST SECTION I, HERTED JETS ., J =22.68 ., §/D=4.00 , H/D=8.00

CONTOUR 1 2 3 4 5 6 7 8 9 10 11
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MEASURED VELOCITY PROFILES FOR TEST NO 12,TEST SECTION I. HEATED JETS ,J = 22.68 ,5/D =4.00 ,H/D =8.00
Figure 111. Measured Velocity
Distributions for Test No. 12  of DIM
Phase I Testing.



§ =0.0508 METERS §/DJ = 2.561 HO/OJ = B.122 VMAIN = B.1  M/SEC VJET = 18.2 M/SEC THAIN = 280.9 K TJET = 163.1 K THEB = 0.6508 BLORAT= 7.626 DENRATIO= 1.805 TRAT10=0.560

X/HO = 0.750
X/ = 3.84

X/#0 = 1.000
X/BJ = §.12

X/H0 = 1.500
X/DJ = 7.68

X/HO = 2.000
X/0J = 10.24

RN YET AT RN AET (-WRINVIED (U-RIOAET

MERSURED VELOCITY PROFILES FOR TEST NO 13,TEST SECTION I, TOP COLB TM , J =31.79 , §/0=2.00 . H/D =4.00

CONTOUR 1 2 3 4 5 8 7 8 8 10 11
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MEASURED VELOCITY PROFILES FOR TEST NG 13,TEST SECTION I, TGP COLD TM ,J = 31.78 ,5/D =2.00 ,H/D = 4.00

Figure 112. Measured Velocity
pistributions for Test No. 13 of DIM
Phase I Testing.
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$ =0.1018 METERS 5/0J = 4.846  HO/DJ = 4.845 VMAIN = 4.7 MWSEC VJET = 8.6 H/SEC THRIN = 3%3.5 K TJET = 169.3 K THEB = 0.3389 BLORAT= 3.847 DENRATI0=

2.210 TRATIO=0.453
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MEASURED VELGCITY PROFILES FOR TEST NO 14,TEST SECTION I, TOP COLO T . J =6.70 , §/D = 4.00 . H/D =4.00

CONTOUR 1 2 3 4 5 6 7 8 9 10 11
VALUE 0.0000 0.0500 0.1000 0.1600 0.2000 0.2500 £.3000 0.3500 0.4000 0.5000 0.6000
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MEASURED VELOCITY PROFILES FOR TEST NO 14,TEST SECTION 1, TOP COLD TM ,J = 6.70 ,8/D = 4.00 ,H/D = 4.00
Figure 113. Measured Velocity

Distributions for Test No. 14 of DIM
Phase I Testing.




§ =0.0254 METERS  §/0J = 2.588 HO/DJ = 10.353 VMAIN = 4.7 M/SEC VJET = 33.3 M/8EC TMAIN = 342.3 K TJET = 165.1 K THEB = 0.4692 BLORAT= 14.821 DENRRTIO= 2.215

TRAT10= 0.482

X/HO = 0.500

X/HO = 0.750
X/DJ = §.18

X/0J = 1.76

X/HD = 1.000

X/HO = 1.500
X/DJ = 10.35

X/DJ = 15.83

CUARINYET

(WRIAET w-RImAET WIRINIAET wmmoNET
MERSURED VELOCITY PROFILES FOR TEST NO 15,TEST SECTION I, TOP COLD TM , J =99.21 . §/D0=2.00 , H/D =8.00

CONTOUR 1 2 3 4 5 B 7 8 B} 10 11
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MERSURED VELOCITY PROFILES FOR TEST NO 15.TEST SECTION I, TOP COLD TM

.J =98.21 ,S5/0 =2.00 ,H/D =8.00
Figure 114. Measured Velocity

Distributions for Test No. 15 of DIM Phase 1

Testing.
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§ =0.0508 METERS §/0J = 4.868  HO/DJ = 8-776 VMAIN = 5.5 M/SEC VUET = 19.2 M/SEC THRIN = 315.1 ¥ TJET = 172.6 K THEB = 0.5174  BLORAT= 6.908 DENRATIO= 1.856 TRAT10=0.548

e

X/HO = 1.000
X/0J = 9.78
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X/0J = 14.68

(-RRINIAET RINAET U-IRINLAVET (UVRLNYET UTRNET

MEASURED VELOCITY PROFILES FOR TEST NO 16,TEST SECTION I, TOP COLD ™M , J=24.38 . S/D=4.00 . H/D=8.00

CONTOUR 1 2 3 4 5 6 7 8 g 10 11
VALUE 0.0000 0.0500 0.1000 0.1500 0.2000 0.2500 0.3000 0.3500 0.4000 0.5000 0.6000
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MEASURED VELOCITY PROFILES FOR TEST NO 16,TEST SECTION I. TOP COLD TM ,J = 24.38 »5/D = 4.00 ,H/D =8.00
Figure 115. Measured Velocity
Distributions for Test No. 16 of DIM
Phase I Testing.
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§ =0.0508 METERS $/DJ = 2.434

HO/BJ = 4.869

VHRIN = 5.0

M/SEC

VJET = 17.7

M/SEC

THAIN = 299.0 K

0.750

TJET = 168.5 K

X/HO = 1.000

THEB = 0.6001

BLORAT= 6.529

DENRATIO= 1.798

TRATIO=0.564

’ X/HD = 2.000
3.65 ’ X/0J = 4.87 X/DJ = 8.74
e T
fr— ) ) AT [
MERSURED VELOCITY PROFILES FOR TEST NO 17,TEST SECTION I. TOP HOT TM . J =24.45 , §/D = 2.00 ., H/D = 4.00
CONTOUR 1 4 3 4 5 8 7 B k 10 11
VALUE 0.0000 0.0500 0.1000 0.1500 0.2000 0.2500 0.3000 0.3500 0.4000 0.5000 0.6000
1a ( ‘ X ‘ 1.6 L ‘ \ ‘ . 1.0 ‘ ‘ 1.0 l ‘ 1.0
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b ] Fam) PN H I 2 s P 2 i = AN
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. U, e,
00 0 Pl e 2zl 0 x . P . P 0.0
s RS DIST, 218 s s 18 s 18 s

MEASURED VELOCITY PROFILES FOR TEST NG

Measured Velocity
17

Figure 116.
Distributions for Test No.
Phase I Testing.
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§ =0.0508 METERS  S/DJ = 4.889  HO/DJ = 9.737 VMAIN = §.6 WSEC VJET = 22.0 M/SEC TMAIN = 302.8 K TJET = 176.0 K THEB = 0.4885  BLORAT= 7.207 DENRATIO= 1.757 TRAT10=0.581

X/H0 = 0.500 X/H0 = 1.000

X/HO = 1.500 X/HO = 2.000
X/0J = 4.87 X/BJ = 9.74 X/DJ = 14.81 X/ = 18.47
(U-VRIMAVET (U-VHINANET {U-VRIHIAVET - : TU-MAIN)/VIET (U-VIRIN)/YET
MEASURED VELOCITY PROFILES FOR TEST NO 18,TEST SECTION I, TOP HOT TM , J =29.55 , /D =4.00 , H/D=38.00
CONTOUR 1 2 3 4 5 3 7 8 9 10 1
VALUE 0.0006 0.0500 ©.1000 0.1500 0.2000 0.2500  0.3000 0-3500 0.4000 0.5000  0.6000

— T eRseuRanly ~ter 7" P
e ~ W T I
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) L A 2D

: d P SR
&

10

RRGIAL DIST, Y/
RADIAL DIST, M
ROIAL DI8T, Y/

RRDIAL DIST, Y/M

/

00 [X]
0.6 16 a5 s o5

-
TRANSVEREE DIBT, /8 TRANEVEREE DIST, 178 b

TRANSVEREE UIST, 2/ : TRAVERSE DIET, /8 ® e il

TRANGVERSE DIGT, £/8
MEASURED VELOCITY PROFILES FOR TEST NO 18,TEST SECTION I, TOP HOT TM  .J = 28.55 .S§/D =4.00 ,H/D =8.00

Figure 117. Measured Velocity
Distributions for Test No. 18 of DJM
Phase I Testing.
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$ =0.0508 METERS

§/0J = 4.925 HO/DJ = 9.851 YMAIN = 5.2 H/SEC VJET = 16.4 M/SEC  TMAIN = 358.6
o W o m
g
&
X/HD = 0.250 X/HQ = 0.500
X/DJ = 2.46 X/0J = 4.93
et amanier
MERSURED VELOCITY PROFILES FOR TEST NO 23, TEST SECTION IV, TM=CONST
CONTOUR 1 2 3 ‘ 5 6 7
VALUE  0.0000 0.0500 0.1000 0.1S00 0.2000 0.2500  0.3000
* t 1.0
ﬁ Xj:
2 2
NN
a3 s 28 15

TRANSVERSE DIST. &/5 TRAMSVERSE DIST. 2/8

MERSURED VELOCITY PROFILES FOR TEST NO 23, TEST SECTION IV, TM=CONST
Figure 118. Measured Velocity

Distributions for Test No. 23 of DIM
Phase I Testing.

145
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g
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§ =0.0508 METERS  S/0J = 6.000 HO/DJ = 10.000 VMAIN = 5.1  W/SEC VUET = 32.0 M/SEC TMAIN = 357.% K TJE( = 172.8 K THEB = 0.1781 BLORAT= 13.792 DENRATIO= 2.217 TRATIO=0.484

s s by
X/H0 = 0.280 X/HO = 1.000
X/0J = 2.50 X/DJ = 10.00
(HRLNO/YET W-IRINET A-WRIKINVET
MEASURED VELOCITY PROFILES FOR TEST NO 24, TEST SECTION IV, TM=CONST ., J =865.81 . §/0 =4.00 , H/D =8.00
CONTOUR 1 2 3 4 5 6 7 8 S 10 11
VALUE 0.0000 0.0500 0.1000 O0.i500 ©0.2000 0.2500 0.3000 0.3500 (0.4000 0.5000  0.8000
. 4 b . N .| L.,

SN
a2 ” A

: 5 15 Y
A TAGVEREE D181, 278 e - TRANGVERSE DIST, 2/ i TRRSVERSE DIST. /8 8

MEASURED VELOCITY PROFILES FOR TEST NO 24, TEST SECTION IV, TM=CONST ,J = 85.81 ,8/0 =4.00 .H/D =8.00

RADIR. DI8T, Y
D,

RROIAL DIST. Y

RAQIAL OIST, Y/H

Figure 119. Measured Velocity
Distributions for Test No. 24" of DIM
Phase I Testing.
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6 =0.0508 METERS  S/DJ = 2.638 HO/DJ = 5.075 VMAIN = 4.6 M/SEC VJET = 8.4 M/SEC TMAIN = 387.4 K TJET = 178

X/10 = 0.500
54

X/HO = 0.750
X/0J = 3.81

AAINET RINAET

MEASURED VELOCITY PROFILES FOR TEST NO 25, TEST SECTION IV, TM=CONST . J =8.73

CONTOUR 1 2 3 4 s 6 7 8 9
VALUE 0.0000 0.0500 0.1000 0.1500 0.2000 0.2500 0.3000 0.3500 0.4

AROIRL DEET. Y/
RRDIR. DIST, Y/H

s TRRNGVERGE DIST, ¥/ d had TRBYERGE DIt 278 I
MERSURED VELGCITY PROFILES FOR TEST NO 25. TEST SECTION IV, TM=CONST vJ = 6.73
Figure 120. Measured Velocity
Distributions for Test No. 25 of DIM
Phase I Testing.
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W7 K THEB = 0.1830  BLORAT= 3.872 DENRATIO= 2.003
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had TRINGVERSE DIST. /8 e
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§ =0.0508 METERS  S5/DJ = 2.682 HO/DJ = 5-164 VMAIN = 4.6 M/SEC VJET = 16.8 M/SEC TMAIN = 3%¢.3 K T&Y = 183.2 K THEB = 0.2988  BLORAT= 7.233 DENRATIO= 1.958 TRATIO=0.5156

_ . CD _____
> - x
X/HO = 0.500 E %X X/H0 = 0.750
X/DJ = 2.58 X/ = 3.87

IR WIHINIAET IRIKIAET

MEASURED VELOCITY PROFILES FOR TEST NO 26, TEST SECTION IV, TM=CONST , J =26.73 , §/B =2.00 . H/D = 4.00

CONTOUR 1 2 3 4 S 6 7 8 8 10 1
VALUE 0.0000 0.0500 0.1000 0.1500 0.2000 0.2500  0.3000 03500 0.4000 0.5000 0.6000
b e, b ' i
N/ A=Y
: U1 () i
H g £
g g 2
£ £ <‘¥___/‘ L IS N
s
AR SRS
i TRANEVERSE DIST, Z/8 s had TRANBVERSE DIBT, Z/6 18 o 'TRRNGVERSE DIGT. /8 b

MEASURED VELOCITY PROFILES FOR TEST NO 26. TEST SECTION IV, TM=CONST ,J = 26.73 ,8/B =2.00 ,H/D = 4.00

Figure 121. Measured Velocity
Distributions for Test No. 26 of DIM
Phase I Testing.
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§ = 0.0508 METERS §/DJ = 4.961 HD/DJ = 8.921 VMRIN = 4.9 M/SEC VJET = 17.9 M/SEC TMRIN = 359.1 K TJET = 178.C K  THEB = O.1068 BLORAT= 7.470 DENRATIO= 2.053 TRATI0=0.496

e

X/HD = 0.250
X/DJ = 2.48

O-vmRNL/ET UTRINAET VRN AET

MEASURED VELOCITY PROFILES FOR TEST NO 27, TEST SECTION V. TM=CONST . J =27.18 . 5/0 = 4.00 . H/D =8.00

CONTOUR 1 2 3 4 S 6 7 8 ] 10 11
VALUE 0.0000 0.0500 0.1000 0.1500 0.2000 0.2500 0.3000 0.3500 0.4000 0.5000 0.6000
i ) S e
£ R 5 <
2 H 2
2 [ 2
g 2 B
Na A o e
b TRNEVERE DIST, /6 = i TRARGVERSE OIST, /8 e b TRANeVERSE DIST, 2/5 -

MERSURED VELOCITY PROFILES FOR TEST NO 27, TEST SECTION V. TM=CONST .J =27.18 ,8/D =4.00 .H/D =8.00
Figure 122. Measured Velocity
Distributions for Test No. 27 of DIM
Phase I Testing.

149



§ =0.0508 METERS

0L DIST, Y

oA/ ET

$/0J = 5.061

HO/DJ = 10.121

X/HD = 0.250

X/0Jd = 2.53

CONTOUR

VALUE

TRRNSVEMSE DIST, 2/8

MEASURED VELOCITY PROFILES FOR TEST NO 28. TEST SECTION V. TM=CONST

15

1
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VAAIN = 4.9

2
0.0500

M/SEC VJET = 34.3 M/SEC  THAIN = 358.4

-

= 5.08

(OWRDOAET

MERSURED VELOCITY PROFILES FOR TEST NO 28. TEST SECTION V. TM=CONST
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T
., J=106.67 , §/0=4.00 , H/D =8.00
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RAMSVERSE DIST, 2/8
,J = 106.67 ,S/D = 4.00 .H/D = 8.00
Figure 123. Measured Velocity

Distributions for Test No.
Phase I Testing.
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§ =0.0508 METERS §/DJ = 2.462 HO/DJ = 4.924 VMAIN = 4.8 M/SEC YJET = 8.9 MWSEC TMAIN = 358.3 K TJET = 174.2 K  THEB = 0.1883 BLORAT= 3.818 DENRATIO= 2.064 TRATIO0=0.486

g

X/HD = 0.500
X/DJ = 2.46

X/H0 = 0.750
X/DS = 3.69

- /eT 1-PRINYET

MERSURED VELOCITY PROFILES FOR TEST NO 29, TEST 5ECT>IUN V., TM=CONST . J=7.07 » §/0 =2.00 ., H/0 =4.00

CONTOUR 1 2 3 4 5 6 7 8 9 10 11
VRLUE 0-0000 0.0500 0.1000 0.1500 0.2000 0.2500 0.3000 0.3500 0-4000 0.5000 0.8000

RAOIAL OI8T, YH
RRDIAL DIST, YA
RAOIAL DIST, Y/

a8 15 05 (X 0.6 5
TRANEVERSE OIST. /5 TRAMGVERSE D1T, /5 TRAMSVERSE DIST, 2/8

MEASURED VELOCITY PROFILES FOR TEST NO 28, TEST SECTION V, TM=CONST »J =7.67 ,S/D =2.00 ,H/D =4.00

Figure 124. Measured Velocity
Distributions for Test No. 29 of DIM
Phase I Testing.
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$ =0.0508 METERS §/DJ = 2.540 HO/DJ = $.080 VMRIN = 4.7 M/SEC VJET = 17.2 M/SEC  TMAIN = ¥58.7 K TJET = 174.3 K  THEB = 0.3148 BLORAT= 7.549 DENRAT10= 2.087 TRATIO=0.486

Dy
>

RADIAL DIBT, T

w -
X/40 = 0.500 X/H0 = 0.750 \\\m = 1.000
X/DJ = 2.54 X/DJ = 3.81 X/DJ = 5.08
P P e
MERSURED VELOCITY PROFILES FOR TEST NO 30, TEST SECTION V. TM=CONST . J=27.31 » S/D =2.00 ., H/D = 4.00
CONTOUR 1 2 3 4 5 B 7 8 9 10 11
VALUE 0.0000 C.0300 0.1000 0.1500 0.2000 0-2500 0.3000 0.3600 0-4000 0.5000 0.6000
S ST L b
(2]
¢
£ 0 O 5
g
" ¢
i g/\? ( :
(o A
TRANSYERSE DIST. /5 = o8 “TRAMSVERSE OIST. 2/8 e o8 “TRAMBVERSE DIST, /S 1.
MEASURED VELGOCITY PROFILES FOR TEST NO 30. TEST SECTION V. TM=CONST .J=27.31 .S/0 =2.00 ,H/D = 4.00

Figure 125. Measured Velocity
Distributions for Test No. 30
of DJM Phase I Testing.



5 =0.0508 METERS $/DJ = 4.941 HO/DJ = 9.883 VMAIN = §.0 M/SEC VJET = 17.8 M/S8EC  TMAIN = 360.7 K TJET = 177.§ K THEB = 0.1066 BLORAT= 7.421 DENRATIO= 2.072 TRATI0=0-492

X/H0 = 0.250
X/8J = 2.47

T-IRINI/YET R WRNET

MERSURED VELOCITY PROFILES FOR TEST NO 31, TEST SECTION VI. TM=CONST ., J =26.58 ., S/D =4.00 . H/D =8.00

CONTOUR 1 2 3 4 5 6 7 8 9 10 11
VALUE £.0000 0.0500 0.1000 0©.1500 0.2000 0.2500 0.3000 0.3500 0.4000 0.5000  0.6000
I I it t, t )

+

RROIAL OIET, Y/H
ROIAL 0187 YH
RROIAL DIST, Y/

(N P |
/v\ oL ’\ 0.0 2.0

- 2 ¥ -
A TRANEVERSE DI6T, /S e o TRRGVERSE DigT, 2/8 e e TRARSVENSE DIST, 2/8 '

MEASURED VELOCITY PROFILES FOR TEST NO 31, TEST SECTION VI, TM=CONST ,J = 26.58 .8/0 =4.00 ,H/0 =8.00

Figure 126, Measured Velocity
Distributions for Test Wo. 31
of DIM Phase I Testing.

153



$ =0.0508 METERS

wprRw T

VUET = 36.4

$/DJ = 5.081 HO/DJ = 10.163 VMAIN = 5.0 M/SEC M/SEC

X/0d = 2.54

H-RINIAET

MERSURED VELOCITY PROFILES FOR TEST NO 32, TEST SECTION VI, TM=CONST

CONTOUR 1 2 3 4 5 6 7
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]
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s
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MEASURED VELOCITY PROFILES FOR TEST NO 32, TEST SECTION VI. TM=CONST

THRIN = 359.4

K TJET = 178.4 K THEB = 0.1887 BLORAT= 15.297 DENRRTIO= 2.176 TRRT
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" s
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Figure 127. Measured Veloci
Distributions for Test No. 3.
of DJM Phase I Testing.
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§ =0.0508 METERS §/0J = 2.500 HO/DJ = 5.001

X/HO = 0.500
X/0J = 2.50

WD

VYMAIN = 5.0

M/SEC VJET = 8.0

M/SEC

THMAIN = 381.0

/M3 = 0.750
X/Dd = 3.75

CUPAIN T

MEASURED VELOCITY PROFILES FOR TEST NO 33. TEST SECTION VI, TM=CONST
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s

i

TRAVEVERSE DIST. /5

2
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-

18
s TAFHSVERSE DIST, 2/5

MERSUREQ VELOCITY PROFILES FOR TEST NO 33, TEST SECTION VI, TM=CONST

Figure 128. Measured Velocity
Distributions for Test No. 33
of DJM Phase I Testing.
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$ =0.0508 METERS

RADIAL DIST. Y/H

.

§/0J = 2,561  HO/DJ = 5.122 VMAIN = 5.0 M/SEC VJET = 17.0 M/SEC

%/HQ = 0.500
X/DJd = 2.58

(-VRINLAET

MEASURED VELOCITY PROFILES FOR TEST NO 34. TEST SECTION VI. TM=CONST

-y T

CONTOUR 1 2 3 4 5 8 7
VALUE 0.0000 0.0500 0.1000 0.1500 0.2000 0.2500  0.3000
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MEASURED VELOCITY PROFILES FOR TEST NO 34, TEST SECTION VI, TM=CONST

THMRIN = 361.6 K

TJET = 164.9 X THEB = 0.3144 BLORRT= 7.657 DENRATIO= 2.225 TRATIO= 0.456
T \m
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lll-mlﬂ):Vﬂ
. J=06.3 . §/0=2.00 , H/D0=4.00
8 9 10 11
0.3500 C.4000 0.5000 0.6000
i Yo
AN
S w
P Q¢S
¢
g
o ma ca
o TRANGVERSE DIST. /8 e
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Figure 129. Measured Velocity
Distributions for Test No. 34
of DJM Phase I Testing.
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§ =0.0254 METERS $/04 = 2.496 HO/DJ = 9.983 VYMAIN = 4.7 M/SEC VJET = 31.8 M/SEC TMAIN = 389.0 K TJET = 168.8 K  THEB = 0.4878 BLORAT= 15.447 DENRATIO= 2.250 TRATIN=0.470

0.250 0.500 1.000 X/HG = 2.000
2.50 §.00 9.98 X/Dd = 20.0Y
Prampe Pa— " o wwmne
MERSURED VELOCITY PROFILES FOR TEST NO 3, TEST SECTION I, IN-LINE JETS ., J =101.79 ., 8/0 =2.00 . H/D =8.00
CONTOUR 1 2 3 4 5 8 7 8 9 18
VALUE 0.0000 0.0500 0.1000 0.1500  0.2000  0.2500  0.3000 0.3500  0.4000  0.5000

RRDIAL DIST. Y/H

RROIFL DIST, Y/H
RAOIAL DIST. Y/

0.5 E k ¥ -0.5 ’ E 05 15
TRRNSVERSE D1ST, 2/5 TRANVERSE DIST, 2/5 TRANSVEREE 0167, 2/8 TRANSVERSE DIST. 2/8

MEASURED VELOCITY PROFILES FOR TEST NO 3, TEST SECTION I, IN-LINE JETS .J = 101.78 .8/0 =2.00 .H/D =8.00

Figure 130, Measured Velocity
Distributions for Test No. 3
of DJM Phase II Testing.
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§ =0.0254 METERS §/DJ = 2.461  HO/DJ = 9.844 VMAIN = 5.1 M/SEC VJET = 9-1 M/SEC  TMAIN = 360.5 K TJET = 180.9 K  THEB = 0.1880 BLORAT= 3.686 DENRATI0= 2.002 TRATIO=0.502

X/HO = 0.500 X/HO = 1.000 2.000
"""" X/0J = 4.82 X/DJ = 8.84 19.88
(-VATN/VET " (G-I /YT (U-VHAINI/VET CU-YHATN)VIET
MEASURED VELOCITY PROFILES FOR TEST NO 4.TEST SECTION 1.STRGGERED JETS J =6.52 , $/D = 2.00 » H/D = 8.00
CONTOUR 1 2 3 4 5 6 7 8 g 10 11
VALUE 0.0000 0.0500 0.1000 0.1500 0.2000 0.2500 0.3000 0.3500 0.4000 0.5000 0.8000
X 21" e
=\ \;—\ﬂi_;;z‘iw EZA \v—-’/‘ =
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(801 - 5AE 0.0 0.0 T 0.0
e TRANSVEREE D157, 1/8 o had TRANSVERSE DIST, 2/8 - had TRANSVERSE DIST, Z/8 1o s TRANSVERSE DIST, Z/8

MERSURED VELOCITY PROFILES FOR TEST NG 4.TEST SECTION I,STAGGERED JETS .J = 6.52 .$/D =2.00 ,H/D =8.00

F;gure 131. Measured Velocity
Distributions for Test No. 4
of DJM Phase II Testing.
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§ = 0.0254 METERS

8/DJ = 2.462

RIKIAET

| MERSURED VELOCITY PROFILES FOR TEST NO 5,TEST SECTION

CONTOUR
[ VALUE

RROIAL DIST, Y/H

TRANSVEREE DIST, 2/5

' MERSURED VELOCITY

Figure 132, Measured Velocity
Distributions for Test No. 5
I of DIM Phase II Testing.
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S =0.0254 METERS S/DJ = 2.481 HO/DJ = 8.924 VMRIN = 5.0  M/SEC VJET = 33.6 M/SEC  TMAIN = 358.4 K TJET = 174.1 K  THEB = 0.4845 BLORAT= 15.063 DENRATIO= 2.185 TRATIO=0.486

X/HO = 0.500 = 1.000 X/HO = 2.000
X/BJ = 4.96 GO X/BJ = 8.92 (D X/DJ = 19.85
"""""" E ) a2 Jm = im
RN (RIAET mAN/AET RN AET
MEASURED VELOCITY PROFILES FOR TEST NO 6,TEST SECTION 1,STRGGERED JETS » J =98.23 . §/D =2.00 . H/D =8.00
CONTOUR 1 3 3 4 5 3 7 8 L] 10 11
VALUE 0.0000 0.0500 ©0.1000 0.1500 0.2000 0.2500  0.3000  0.3500  0-4000  0.5000  0-6000
0
H g H
3 H g }
2k 2 ¢
g 3 g
: 00
s TRANSVERSE DIST. Z/8 a s TRANSVERSE DIST, E/8 - s TRANSVERSE DIST, 2/8 a s TRANSVERSE OIST, 2/8 o

MERSURED VELOCITY PROFILES FOR TEST NO 6,TEST SECTION 1,STAGGERED JETS .J = 99.23 ,8/0 =2.00 ,H/D =8.00
Figure 133. Measured Velocity
Distributions for Test No. 6
of DJM Phase II Testing.
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§ =0.0508 METERS S$/0J = 5.000 HO/DJ = 10.000 VMRIN = 4.9 M/SEC VJET = 33.5 M/S8EC TMAIN = 358.8 K TJET = 176-6 K  THEB = 0.3187 BLORAT= 15-291 DENRATIO= 2.178 TRATI0=0.482
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MEASURED VELOCITY PROFILES FOR TEST NO 12.TEST SECTION I,STAGGEREG JET .J = 103.01 ,S/0 =4.00 .H/D =8.00

Figure 134. Measured Velocity
pistributions for Test No. 12
of DJM Phase II Testing.
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$ =0.0254 METERS $/DJ = 2.548 HO/DJ = 10.159 VMAIN = 5.8 M/SEC VJET = 21.1 M/SEC  TMAIN = 310.7 K TJET = 172.2 K  THEB = 0.8402 BLORRT= 7.081 DENRATIO= 1.825 TRATIO= 0.554
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MEASURED VELGCITY PROFILES FOR TEST NO 13,TOP COLD TMAIN. IN-LINE JETS , J =27.48 , §/D=2.00 . H/D=8.00
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MEASURED VELCCITY PROFILES FOR TEST NO 13,TOP COLD TMAIN, IN-LINE JETS .J = 27.48 .8/ =2.00 ,H/D =8.00
Figure 135, Measured Velocity
Distributions for Test No. 13
of DJIM Phase II Testing.
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§ =0.0254 METERS §/DJ = 2.500 HO/DJ = 10.000 VMAIN = 5.8 M/SEC VJET = 10.8 M/SEC
g 1w W w o B e o
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MEASURED VELOCITY PROFILES FOR TEST NO 14,.TOP COLD TMAIN,STAGGERED JET . J =6.92
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Figure 136. Measured Velocity
Distributions for Test No. 14
of DJM Phase II Testing.
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§ =0.0254 METERS
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Pigure 137. Measured Velocity
Distributions for Test No. 15
of DJM Phase II Testing.
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8 = 0.0508 METERS §/0J = 5.000  HO/DJ =
.
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Figure 128. Measured Velocity
Distributions for Test No. 16
of DJM Phase II Testing.
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Figure 139. Measured Velocity
Distributions for Test No. 17
of DJM Phase IT Testing.
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$ =0.0508 METERS
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Figure 140. Measured Velocity
bDistributions for Test No. 18
of DJM Phase II Testing.
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M/SEC
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MEASURED VELOCITY PROFILES FOR TEST NO 19,SYMM CONV DUCT.IN-LINE JETS .J = 25.87 .5/0 =2.00 ,H/D =8.00

Figure.141. Measured Velocity
Distributions for Test No. 19
of DJM Phase II Testing.



§ =0.0254 METERS 8/DJ = 2.475 HO/0J = 9.838 VMAIN = 5.0 W/SEC VJET = 33.9 M/SEC TMAIN = 358.1 K TJET = 165.0 K THEB = 0.5019 BLORAT= 15.864 DENRATIO= 2.305 TRAT10=0.461
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Figure 142, Measured Velocity
Distributions for Test No. 20
of DJM Phase II Testing.
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Pigure 144, Measured Velocity
Distributions for Test No. 22
of DJM Phase IT Testing.
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Figure 145, Measured Velocity
Distributions for Test No. 23
of DJM Phase II Testing.
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Figure 146. Measured Velocity
Distributions for Test No. 24
of DJM Phase II Testing.
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Figure 147. Measured Velocity
Distributions for Test No. 25
of DIM Phase II Testing.
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Figure 148. Measured Velocity
Distributions for Test No. 26
of DJM Phase II Testing.
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§ =0.0254 METERS $/0J = 2.514 HO/0J = 10.057 VMRIN = 5.0 M/SEC VJET = 17.4 MWSEC TMRIN = 35B.3 K TJET = 168.5 K  THEB = 0.318% BLORRT= 7.512 OENRATIO= 2.155 TRATIO=0.470
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Figure 148, Measured Velocity
Distributions for Test No. 35
of DJM Phase II Testing.



§ =0.0254 METERS §/0J = 2.520 HO/DJ = 10.080 VMAIN = 5.0 M/SEC YJET = 34.4 MN/SEC  TMAIN = 358.0 K TJET = 167.3 K  THEB = 0.4902 BLORAT= 15.590 OENRATIO= 2.275 TRATI0=0.467
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Figure 150, Measured Velocity
Distributions for Test No. 36
of DJM Phase II Testing.
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Figure 151, Measured Velocity
Distributions for Test No. 37
of DJM Phase II Testing.
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5§ =0.0508 HETERS 5/DJ = 5.040

w-RDOvET

MEASURED VELOCITY PROFILES FOR TEST NO 38,RSYM CONYV DUCT.STAGGERED JET ,» J =108.76

CONTOUR 1
VALUE 0.0000
PRI |

oo (0

g
g
2
BN N =7
s s
1

TRANSVERSE DIST, 2/8
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3
0.1000

VJET = 34.7 M/SEC

THAIN = 358.7 K
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¥

TRASVERSE DIST, /8

MEASURED VELOCITY PROFILES FOR TEST ND 38.ASYM CONV DUCT,STRGGERED JET

Figure 152.

Measured Veloeity
8

Distributions for Test No. 3

of DIM Phase II Testing.
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§ =0.1018 METERS  5/DJ = 4.852 HO/DJ = 4.862 VMAIN = 5.0 M/SEC YJET = 8.0 M/SEC TMAIN = 358.6 K TJET = 173.3 K THEB = 0.1884  BLORAT= 3.726 DENRATI0= 2.075 TRATI0=0.4838

//—"—“—“ f“‘“—‘" A

X/HD = 0.250
X/0d = 1.22

X/HO = 1.000
X/0J = 4.86

0
x/DJ

DT WA ET RNV

MEASURED VELOCITY PROFILES FOR TEST NO 39,RSYM CONV DUCT.STAGGERED JET . J =6.89 » 8/0 =4.00 ., H/D=4.00

CONTOUR 1 2 3 4 5 & 7 8 9 10 11
VALUE 0.0000 ©.0500 0.1000 0.1500 0.2000 0.2500 0.3000 0.3500 0.4000 0.5000  0.6000

RADIAL D18, YA
RROIRL DIST, Y

MEASURED VELOCITY PROFILES FOR TEST NO 389,ASYM CONV DUCT.STAGGERED JET ,J = 6.69 ,S/0 =4.00 ,H/D = 4.00

Figure 153, Measured Velocity
Distributions for Test No. 39
of DIM Phase II Testing.
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$ =0.1016 HETERS  §/DJ = 4.877 HO/DJ = 4.977 YMAIN = 5.0 M/SEC VJET = 17.5 M/SEC THAIN = 358.7 K TJET = 168.2 K THEB = 0.3248  BLORAT= 7.493 DENRATIO= 2.164 TRATI0=0.469

=

&

X/HO
X3

R

MERSURED VELOCITY PROFILES FOR TEST NO 40,RSYM CONV DUCT.STAGGERED JET . J =25.95 , S/0 = 4.00 . H/0 = 4.00

CONTOUR 1 2 3 4 5 8 7 8 9 10 11
VALUE 0.0000 0.0500 0.1000 0.{500 0.2000 0.2500 0.3000 0.3500 ©.4000 0.5000 0.6000

N, 5 W
.‘ g
&f)@

10

RROTAL DEST. Y/
RADIAL D18T, ¥/
ROIR. DIST, Y/H

o TNNEVERGE DIST. /8 0 s TASIEREE D18T, 28

MERSURED VELOCITY PROFILES FOR TEST NO 40,RSYM CONV DUCT,STAGGERED JET ,J = 26.85 ,5/D = 4.00 ,H/D = 4.00

Figure 154, Measured Velocity
Distributions for Test No. 40
of DJM Phase II Testing.
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§ =0-0S08 METERS  S/DJ = 2.462 HO/DJ = 4.924 VMAIN = 5.0 W/SEC VJET = 8.9 M/SEC TMAIN = 358.6 K TJET = 169.7 K THEB = 0.3272  BLORRT= 3.747 DENRATIO= 2.122 TRATI0=0.473

LS
Y Y
L
X/HD = 0.500 q """"""" X/HD = 1.000
X/0d = X/DJ = 4.82
T
RBINET ALY (BAIANET

MERSURED VELOCITY PROFILES FOR TEST NO 41,RSYMM CONY DUCT.IN-LINE JETS , J =6.62 » 6/0 =2.00 . H/D=4.00

CONTOUR 1 2 3 4 S B 7 8 9 10 11
VALLE 0.0000 0.0500 0.1000 0.1500 0.2000 0.2500 0.3000 0.3500 0.4000 0.5000 0.6000
" _n b,
'
£ ] g
3 £ g
H g g
] ] N
l E E m m
" " 00
T T
< had ‘Tesvense DisT, 8 ke o TRWEVERSE OI8T, /8 b

MERSURED VELOCITY PROFILES FOR TEST NO 41,ASYMM CONV DUCT.IN-LINE JETS .J = 6.62 ,S5/D =2.00 ,H/D = 4.00
Figure 155. Measured Velocity
Distributions for Test No. 41
of DJM Phase II Testing.
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S =0.0508 METERS  §/DJ = 2.540 HO/DJ = 5.080

(U-RAET

VMAIN = 5.0 N/SEC VJET = 17.4 HW/SEC THRIN = 358.2 K

THET = 168.0 K THEB = 0.4774  BLORAT= 7.518 DENRATIO= 2.164

MEASURED VELOCITY PROFILES FOR TEST NO 42,ASYMM CONV DUCT,IN-LINE JETS . J =26.12 , §/B =2.00 . H/D=4.00

CONTOUR 1
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REDIAL DIST, Y/

2
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4 5 [ 7
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L s
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5
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9 10 i1
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st e
3
2
Em
A 0,

s 1
TRANBVERSE 0167, /8

MEASURED VELOCITY PROFILES FOR TEST NO 42.ASYMM CONV DUCT.IN-LINE JETS .J = 26.12 ,.S/D =2.00 .H/D = 4.00

Figure 156, Measured Velocity
Distributions for Test No. 42
of DJM Phase II Testing.
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$ =0.0102 METERS

§/0J = 0.189

HO/DJ = 1.876

oy T

YMAIN = 5.0

M/SEC

CU-RINRET

VJET = 8.0
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MEASURED VELOCITY PROFILES FOR TEST NO 4SA, 10.24 MM 2-D SLOT,TM=CONST . J =6.66
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MEASURED VELOCITY PROFILES FOR TEST NO 45A, 10.24 MM 2-D SLOT,TM=CONST .J = 6.66

TRANEVERSE DIST. 2/8

»8/D =1.00 .H/D =9.92

Figure 157. Measured Velocity
Distributions for Test No. 454
of DJM Phase II Testing.



§ =0.0102 METERS §/0J = 0.192  HO/DJ = 1.905 VMRIN = 5.1 M/SEC VJET = 17.5 H/SEC

THAIN = 358.0 K TJET = 171.5 K THEB = 0.3462 BLORAT= 7.335 DENRATIO= 2.125 TRATI0=0.478

0.250
= 0.48
e o e o
MERSURED VELOCITY PROFILES FOR TEST NO 458, 10.24 MM 2-D SLOT.TM=CONST , J =25.33 , S/D = 1.00 . H/D = .82
CONTOUR 1 2 3 4 1) 6 7 8 ] 10 11
VALUE 0.0000 0.0500 0.1000 0.1500 0.2000 0.2500 0.3000 0.3500 0.4000 0.5000 0.6000
1.0 ‘ ‘ ‘ 1.0 ‘ ‘ ‘ 1.0 10
S ———
g 5 5 z
8 £ g 13
2 2 2 2
B E H B
0 .. . ——d .. o
as vrve 3 os e 8 o . o

TRAGVERSE OIS, 1/5 b

MERSURED VELOCLTY PROFILES FOR TEST NO 458. 10.24 MM 2-D SLOT.TM=CONST .J = 25.33
Figure 158. Measured Velocity

Distributions for Test No. 45B
of DJM Phase II Testing.

TRARSVERSE DIST. 2/8

»S/D =1.00 ,H/D =9.92
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§ =0.0102 HETERS

§/0J = 0.194

HO/DJ = 1.928 VMAIN = B.1

M/SEC

VJET = 30.2 MW/SEC

TMRIN = 357.7 K

TJET = 170.8 K

HEB = 0.4820 BLORAT= 13.185

DENRATID= 2.223

TRAT10=0.478

i
YT (AR T C-RINIET (-PRINET
MEASURED VELOCITY PROFILES FOR TEST NO 45C, 10.24 MM 2-D SLOT,TM=CONST , J =78.20 » 8/D=1.00 ., H/D=9.92
CONTOUR 1 2 3 4 5 8 7 8 8 10 1
VALUE 0.0000 0.0500 0.1000 0.1500 0.2000 0.2500 0.3000 0.3500 G.4000 0.5000 0.8000
i y 4, TS N S IR S S IS S S
.
s 5 g 5
2 g g 3
g g g g
o "
o8 TRANBVERSE D187, /6 i had TRANGVERSE DIST, /8 e o TRANSVERSE DIET, T/6 i o TRANEVERSE DIST. /8 s
MERSURED VELOCITY PROFILES FOR TEST NO 45C. 10.24 MM 2-D SLOT,TM=CONST .J = 78.20 .S5/D =1.00 .H/D =9.92

Figure 159.
Distributions for Test No.
of DJM Phase II Testing.
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S = 0.0508 METERS

S/BJ = 3.322

HO/DJ = B.644

X/HO = 0.250
X/DJ = 1.68

TO-VRINVET

VMAIN = 5.1 M/SEC

VJET = 9.0

M/SEC

X/H0 = D-500
X/Dd = 3.32

(5-yARIN T

MEASURED VELOCITY PROFILES FOR TEST NO 49, SINGLE SIDED JETS. TM=CONST .

CONTOUR 1 2 3 4 5
VALUE 0.0000 0.0500 0.1000 0.1500 0.2000
[E-3 L { D ‘ Y10

£ £ E)/XQ://

s : 7T 7 -

H gl 2 fa 2
0o

o8 s s 15

TRANSVERSE DIST, 2/5

MEASURED VELOCITY PROFILES FOR TEST NO 49, SINGLE SIDED JETS, TM=CONST .J = B.49

Figure 160. Measured Velocity
Distributions for Test No. 49
of DJM Phase IT Testing.
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$ =0.0508 METERS $/0J = 3,389 HO/DJ = B.737 VMAIN = 5.0 M/SEC VUET = 17.2 M/SEC  TMAIN = 358.3 K TJET = 186.4 K  THEB = 0.2054 BLORAT= 7.4E8 DOENRATIO= 2.191 TRATIO=0.464

- g am W em go e W o um ]

0.250
1.68

X/HO = 0.500
X/04 = 3.37

X/HO = 1.000
X/DJ = 6.74

X/HO
X/DJ

2.000
13.47

RN HU-RINIAYET

MERSURED VELOCITY PROFILES FOR TEST NO 50. SINGLE SIDED JETS. TM=CONST . J =25.48 » S/D =2.83 . H/D = 5.66

RNV

TU-RINLYET

CONTOUR 1 2 3 4 s 6 7 8 9 10 11
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TRANSVERSE DIST. /5 TRANSVERSE DIST, 2/ TRANSVERSE DIST. 2/8 TRANSVERSE DIST, 2/5

MEARSURED VELOCITY PROFILES FOR TEST NO 50, SINGLE SIDED JETS, TM=CONST ,J = 25.46 .S/D =2.83 .H/D = 5.66
Figure 161, Measured Velocity

Distributions for Test No. 50
of DIM Phase II Testing.
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§ =0.0508 METERS $/0J = 2.288  HO/DJ = 4.576 VHRIN = 17.8 M/SEC VJET = 30.8 M/SEC  TMAIN = 680.1 K TJET = 317.1 K THEB = 0.2216 BLORAT= 3.795 DENRATI0= 2.181 TRATIO=0.460

/HO = 1.000
X/DJ = 4.58

= 2.29

Lo e T
IRIAET (S-vRIIAET ORI YT O VTRIN/YET
MEASURED VELOCITY PROFILES FOR TEST NO 1, TM=CONST. STREAMLINED SLOTS ., J =6.60 » S/D = 2.00 . H/D = 4.00
CONTOUR 1 2 3 4 5 B 7 8 Q 10 1
VALUE 0.0000 0.0500 0.1000 0.1500 0.2000 0.2500 0.3000 0.3500 0.4000 0.5000 0.6600
10 10 4 i 10 4 4
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g e
== T LT |
g g
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00 00 P SN 00 00
08 15 FX 15 05 _ 15 05 s
TRANSVERSE D1ST. 243 TRANSVERSE DIST. 25 TRANSVERSE DIST. 2/5 TRANSVERSE DIST. 2/5

MERSURED VELDCITY CONTOURS FOR TEST NO 1,S.L. SLOT, J=6.68. $/D=2.00, H/D=4.00

Figure 162. Measured Velocity
Distributions for Test No, 1
of DJIM Phase III Testing,
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$ =0.0508 METERS

§/DJ = 2.379  HO/DJ = 4.758 VMAIN = 1B.7 M/SEC VJET = 58.5 M/SEC THRIN = B61.0 K TJET = 307.3 K

X/H2 = 0.250
X/DJ = 1.19

1DV VET

W-VRINVET

MERSURED VELOCITY PROFILES FOR TEST NO 2, TM=CONST.

(ORI AET

STREAMLINED SLOTS

v J =26.47 » 5/D = 2.00
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MERSURED VELOCITY CONTOURS FOR TEST NO 2,8.L. SLOT. J=26.47. 5/0=2.00, H/D=4.00

THEB = 0.3447

BLORAT= 7.581

DENRAT10=

2.M

YHO = 2.000
X/Dd = 89.52
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H/D = 4.00

11
0.6000

DIST. YA

TRANSVERSE 01ST. 2/3

Figure 163. Measured Velocity
bistributions for Test No. 2
Of DJM Phase III Testing.
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S =8.0508 METERS $/DJ = 2.104  HO/DJ = 4.207 VMRIN = 17.2 M/SEC VJET = 60.3 M/SEC  TMAIN = §75.0 K TJET = 316.5 K  THEB = 0.4026 BLORAT= 7.592 DENRATIO= 2.168 TRATIO= 0.459

gm e = s

omaHAET (5-VRINIET (AT vET YA ET
MEASURED VELOCITY PROFILES FOR TEST NO 3. TM=CONST, BLUFF SLOTS v J =26.59 . $/D = 2.00 » H/D = 4.00
CONTOUR 1 2 3 4 5 6 7 8 8 10 11
VALUE 0.0000 0.0800 0.1000 0.1500 0.2000 0.2500 0.3000 0.3500 0.4000 0.5000 0.6000

RADIAL DIST, Y/H

éz
i

RRADIAL DIST, Y/
RRDIFL OIST, 1/H

rERSE CIST. 278 E RENSVERSE DIST, 2/5 8 TRASVERSE DIST. 2/
MEASURED VELOCITY CONTOURS FOR TEST NO 3,BLUFF SLOT, J=26.53, $/D=2.00, H/D=4.00

Figure 164. Measured Velocity

Distributions for Test No, 3

of DJM Phase III Testing.
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§ =0.0508 METERS S§/DJ = 2,118 HO/DJ = 4.237 VMAIN = 12.8 M/SEC VJET = BB.8 M/SEC  TMAIN = 855.3 K TJET = 315.0 K THEB = 0.5705 BLORAT= 15.183 DENRATI0= 2.161 TRATIO=0.481

g B e g sa "R e o

W et P— fram——
MEASURED VELOCITY PROFILES FOR TEST NO 4, TM=CONST, BLUFF SLOTS . J=106.89 , S/D = 2.00 » H/D = 4.00
CONTOUR 1 2 3 4 5 B 7 8 ) 10 11
VALUE 0.0000 0.0500 0.1000 0-1500 0.2000 0.2500 0.3000 0.3500 0-4000 0.5000 0.6000
10 b 4 1.0

RRDIAL DIST, YH

RAOIAL DIST. Y/H
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RADIAL DIST. Y/H

0.0 10 10 B0

-0 s s s s s . 5
o8 TRANSVERSE 01ST, /8 TRANSVERSE DIST. /5 TRANSVERSE 0157, 2/8 o TRANSVERSE DIST. 2/8 s

MEASURED VELOCITY CONTOURS FOR TEST NO 4.BLUFF SLOT, J=106.5. S/D=2.00, H/D=4.00

FPigure 165. Measured Velocity
Distributions for Test No. 4
. of DJM Phase III Testing.
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§ =0.0508 METERS S/DJ = 3.476  HD/DJ = 6.852 VMAIN = 5.4 M/SEC VJET = 9.4 M/SEC TMAIN = 383.5 K TKET = 177.3 X THEB = 0.1978 BLORAT= 3.800

DENRATIO=

2.172 TRATIO=D0.462

X/HO = 0.500
X/DJ = 3.48

X/HO = 0.750

X/HO = 1.500
X/DJ = 5.21

X/DJ = 10.43

ORI

AU-YMINI/VET m—vmmw‘zx‘. TU-VIRINVET
MEASURED VELOCITY PROFILES FOR TEST NO 5. TM=CONST, PLATE M-3 (INL) . J =6.85  , S/D = 2.83 ., H/D = 5.66
CONTOLR 1 2 3 4 5 6 7 8 s n 1
VALUE 0.0000 0.0500 0.1000 0.1500 0.2000 0.2500 0.3000 0.3500 0-4000 0.5000 0.6000
&TE ik o'q<'>v<> 1o : Y Qv@“’
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o5 . 05 15
TRRHSVERSE DIST. 2/5 TRASVERSE OIST, 2/5 e
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Figure 166.

MEASURED VELOCITY

Measured Velocity

PROFILES FOR TEST NO 5. TM=CONST. PLATE M-3 (INL)

»J = 6.68

TRANSVERSE DIST, /3

»5/0 =2.83 ,H/D =5.66

Distributions for Test No. 5
of DJM Phase III Testing.
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$ =0.0508 METERS

5/0J = 3.510

X/HO

X/0J = 3.51

H0/DJ = 7.020

0.500

VMAIN = 5.2

H/SEC

VJET = 18.1 M/SEC TMAIN = 370.0 K

W e

X/HD
X/DJ

0.750

THET = 172.5

K THEB = 0.3268 BLORAT= 7.574

DENRATIC= 2.184

TRATID=0.466

1.500
10.53

[eiiviite W e
MEASURED VELOCITY PROFILES FOR TEST NO 6, TM=CONST. PLATE M-3 (INL} . J =26.27 ., 8/D = 2.83 » H/D = 5.68
CONTOUR 1 2 3 4 5 B 7 8 9 10 11
VALUE 0.0000 0.0500 0.1000 0.1500 0.2000 0.,2500 0.3000 0.3500 0.4000 0.5000 0.6000
l, Lo, l.U. | 61 ld
: \M : : e
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3\ PNl S N =N I 1] E/\h/\ LE ] 8.0

' 1
e “TRANSVERSE DIST. 2/5
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o5 5 08
TRANSVERSE DIST, 2/6

PROFILES FOR TEST NO 6, TM=CONST, PLRTE M-3 (INL)

TRANSVERSE DIST, 2/8

»J = 26.27

TRANSVERSE DIST. 2/5 e

+$/D =2.83 ,H/D =5.66
Figure 167. Measured Velocity
Distributions for Test No. 6
of DJM Phase III Testing.
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$ =0.0508 METERS $/DJ = 3.618 HO/DJ = 7.236 VMAIN = 5.0 M/SEC VJET = 34.7 M/SEC  TMAIN = 353.7 K TJET = 172.0 K THEB = 0.4780 BLORAT= 15.307 DENRATIO= 2.186 TRATIO=0.488

am W e m s W e e

. w e e e
g b
& oo K o> \\
’ KK » \K
0.500 X/HO = 0.750 X/HO = 1.000 X/HD = 1.500
3.62 X/DJ = 5.43 X/DJ = 7.24 X/DJ = 10.85
[ [
o T [P (e
MEASURED VELOCITY PROFILES FOR TEST NO 7. TM=CONST, PLRTE M-3 (INL) ., J=107.18 ., S/D = 2.83 . H/D = 5.66
CONTOUR 1 2 3 4 5 [} 7 8 9 10 11
YALUE 0.0000 0.0500 0.1000 0.1500 0.2000 0.2500 0.3000 0.3500 0.4000 0.5000 0.6000
s s 3 5
2 2 2 T o
g g = 4 2 g
os TRANSYERSE DIST. 2/ s 0 TRANSVERSE DIST, 2/S s o8 18 0

TRAMSVERSE DIST. /5

TRANGVERSE DIST, 2/5
MEASURED VELOCITY PROFILES FOR TEST NO 7, TM=CONST, PLATE M-3 (INL]

.J = 107.18 .$/D =2.83 ,H/D = 5.66
Figure 168, Measured Velocity
7

Distributions for Test No.
of DJM Phase III Testing.

195



$ =0.1016 METERS S$/DJ = 4.716  HO/DJ = 4.716 VMAIN = 5.3 M/SEC VJET = 9.3 M/SEC  TMRIN = 378.9 K TJET = 174.5 K  THEB = 0.2151 BLORAT= 3.817 DENRATIO= 2.1B3

b S b

s

oo

&

X/H0 = 0.500
X/D4 = 2,36

X/HD = 0.750

= X/HD
X/DJ = 3.54

X/DJ

a
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15-VRINIAVET WA ET

TU-VRIN)ET

MEASURED VELOCITY PROFILES FOR TEST ND 8, TM=CONST, PLATE M-4 (STG) . J=6.67 » S§/D = 4.00

CONTOUR 1 2 3 4 5 6 7 8 9 10
VALUE 0.0000 0.0500 0.1000 0.1500 0.2000 0.2500 0.3000 0.3500 0.4000 0-5000

RRDIRL DIST. Y/H
RADIAL DIST. Y/H
RADIAL DIST. Y/M

&

wamLYET

» H/D = 4.00

S 00
i TRANSVERSE DIST. 2/5 0 o TRRUSVERSE DIST. 2/5 e e TRANSVERSE DIST, /5 e s TRRNSVERSE DIST, 2/5 e
MEASURED VELOCITY PROFILES FOR TEST NO 8. TM=CONST. PLATE M-4 {STG) +Jd = B.67 +5/D =4.00 .H/D = 4.00

TRATIO=0.460

X/HG = 1.500
X/BJ = 7.07

P?gurg 16%9. Measured Velocity
Distributions for Test No. 8

of DIM Phase ITI Testing.,
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§ =0.1016 METERS S§/DJ = 4.964  HO/DJ = 4.964 VMAIN = 5.3

M/SEC

VJET = 18.5 M/SEC  TMAIN = 378.1 «

gu ge W e o

b

&

X/HO = 0.500

TJET = 174.2 K

THEB = 0.3314 BLORAT= 7.850

DENRATIO= 2.185

= 0.750 X/HO = 1.000
X/0d = 2.48 = 3.7 X/DJ = 4.96
wmsn [ ” wmioner e
MERSURED VELOCITY PROFILES FOR TEST NO 9. TM=CONST, PLATE M-4 (STG) « J=26.78 , S/0 = 4.00 ,» H/D = 4.00
CONTOUR 1 2 3 4 S 5 7 8 9 10 11
VALUE 0.0000 0.0500 0.1000 0.1500 0.2000 0.2500 0.3060 0.3500 0.4000 0.5000 0.5000
| . . - | ' "
.
g i il 4 5 D {
2 b H g < 2
2 ’ AN Y=\ ] AN
gl H g j2pprey H
< &> P
T J—
T 00 EJ [ = N
o5 TRANSYERSE DIST. 2/8 10 o8 08 TRANSVERSE DIST, /6 e o8 ‘TRANSYERSE DIST, /8 e
MEASURED VELOCITY PROFILES FOR TEST NO 9. TM=CONST, PLATE M-4 {STG) »J = 26.78 ,5/D =4.00 ,H/D = 4.00

Figure 170.. Measured Velocity
Distributions for Test No. 9
of DJM Phase III Testing.
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$ =0.0508 METERS §/0DJ = 3.280 HO/DJ = 6.560 VMAIN = 5.4 M/SEC VJET = 9.6 M/SEC  TMAIN = 386.4 K TJT = 178.4 K THEB = 0.2194 BLORAT= 3.825 DENRATIO= 2.178 TRATI0=0.462

P

X/HD = 0.250
X/0J = 1.64

X/H0 = 0.500
X/DJ = 3.28

X/HD = 1.000
X/DJ = 6.56

X/HO = 2.000
X/0J = 13.12

(L-YRINIYET (U-RINVET TARINL YT

LERINVET

MEASURED VELOCITY PROFILES FOR TEST NG 10,TM=CONST, PLATE M-S(OFF-SET} , J =6.72 » §/D =2.83 , H/D =5.66

CONTOUR 1 2 3 4 S 6 7 8 9 10 1
VALUE 0.0000 0.0500 0-1000 0.1500 0.2000 0.2500 0.3000 0.3500 0.4000 0.5000 0.6000

I S S S S S
s ! i ) < 5 AN
e e S
5 : =3 T bc ]

00 PN 5 eloe P/ B S o Saliee - 1T

TRANGVERSE 0IST, 2/5 TRANSVERSE DIST, 2/8

MEASURED VELOCITY PROFILES FOR TEST NG 10.TM=CONST. PLATE M-5(OFF-SET) ,J = 6.72 ,S§/0 =2.83 ,H/0 =5.66

Figure 171. Measured Velocity
Distributions for Test No. 10
of DJM Phase III Testing.

198



§ =0.0508 PETERS S§/0J = 3.417 HO/OJ = 5.835

X/H0 = 0.250
X/Dd = 1.71

VRN VT

MERSURED VELOCITY PROFILES

CONTOUR 1
VALUE

RROIAL DIST, T/H

oS TRRNSVERSE DIST, 2/8

MEASURED VELOCITY PROFILES FOR TEST NO 11,TM=CONST. PLATE M-S(OFF-SET)

Figure 172. Measured Velocity
Distributions for Test No. 11
of DJM Phase III Testing.
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s
TRANSVERSE DIST. 2/5

0.5

TRANSVERSE 01ST. 2/5

+J = 26.79

»5/0 = 2.83

BLORAT= 7.683

w-IRINIVET

, H/D = 5.68

11
0.6000

DENRATI0=

2.208

o am W e

10

had TRRNSVERSE DIST, 2/8

+H/D = 5.66

TRATIO= 0.463

X/HO = 2.000
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8 =0.0508 METERS §/0J = 3.507 HO/DJ = 7.018 VMAIN = 5.0 M/SEC VUET = 34.5 M/SEC THAIN = 358.3 K TJET = 174.3 K  THEB = 0.5004 BLORAT= 15.384 DENRATIO= 2.221 TRATIO=0.486

- F - - '’y

X/HO = 0.500
X/DJ = 3.51

2.000
14.03

Xx/0J

(RN ET LRI T Is-vminLvET 1oL VET

MEASURED VELOCITY PROFILES FOR TEST NO 12,TM=CONST. PLATE M-5(OFF-SET) , J =106.27 . S/D =2.83 . H/D =5.66

CONTOUR 1 2 3 4 S 6 7 8 9 10 11
VALUE 0.0000 0.0500 0.1000 0.1500 0.2000 0.2500 0.3000 0.3500 0.4000 0.5000 0-6000
Lo 10
& £ H £
5 5 5 5
g g g g ¥
d Fl ¢ 2
g g8 H g
£ & Ep == 2
X d o
o TRANSVERSE DIST. 7/5 s e TRANSYERSE DIST. Z/5 ki e TRANSVERSE DIST. 2/5 s i TRANSVERSE DIST, 2/8 s

MEASURED VELOCITY PROFILES FOR TEST NO 12.TM=CONST, PLATE M-5(0FF-SET) ,J = 106.27 .5/D =2.83 H/D =5.66

Figure 173 . Measured Velocity
Distributions for Test No. 12
of DJM Phase III Testing.
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§ =0.0508 METERS 5/0J = 3.424  HO/DJ = 5.848 WMARIN = 17.0 M/SEC VJET = 58.5 M/SEC TMAIN = 672.C K TJET = 3i0.1 K THEB = 0.2820 BLORAT= 7.605 DENRATIO= 2.208 TRATIO=0.461

- So o R e o e B

\\ Y
X/H0 = 0.250 =
Y4 oz . X/HO = 00.500 X/H0 = 1.000 2.000
= 1 X/0J = 3.42 X/0J = 6.85 i3.710
e T = e e Cor S rEE
(UIRINAET WVRIAED CU-VHAINDYET (WAL NET

MERSURED VELOCITY PROFILES FOR TEST NO 13, TEST SECTION I, PLATE MG » J =26.2C » S/0 = 2.83 » H/D = 5.66

CONTOUR i 2 3 4 S 3 7 8 9 ig 13
VALUE 9.0000 0.0500 0.1000 0.1500 0.2600 0.2500 0.3000 0.3500 0.4000 0.5000 0.6000
I "

IS/
:
%@é\\

FOIRL D187, Y1

RROIAL DIST, M

RROIK, DIST, W/H

s re s 3 -0 I ' 3
i TRANS/EREE DIST. /8 TRANSVERSE DiST, /8 s o TRAIISVERSE DIST, 2/8 s el TRANSVERSE 0iST, /8 s

MEASURED VELOCITY CONTOURS FOR TEST NO 13,PLATE M5,J1=26 ,J2=6,5/D=2.83,H/0=5.66

Figure 174 . Measured Velocity
Distributions for Test No, 13
of DJM Phase III Testing.
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§ =0.0508 METERS $/0J = 3.510 HO/DJ = 7.020 YMAIN = 16.8 M/SEC VUET = 113.0 M/SEC TMAIN = 666.3 K TJET = 304.5 K THEB = 0.3938 BLORRT= 15.834 DENRATIO= 2.353 TRATI0=0.457
- "B 3 e sm "FF am e - "ER .
d}.. d) ------ Q\\ é """" -y
5
X/H0 = 0.250 D = 1.000 /HO = 2.000
X/Bd = 1.75 X/Dd = 7.02 X/0J = 14.04
T anmaer e W = e
MEASURED VELOCITY PROFILES FOR TEST NO 14, TEST SECTION 1. PLATE M5 . J=106.54 , S/0 =2.83 , H/D = 5.66
CANTOUR 1 2 3 4 E 6 7 8 9 10 1
VALUE 0.C000 0.0500 0.1000 0.1500 0.2000 0.2500 0-3000 0.3500 0.4000 0.5000 0.6000
o P bbb
z 5 -
¢ ¢ ‘ ¢
H: gF H H e .

TRANSVERSE 08T, 2/8
MERSURED VELOCITY CONTOURS FOR TEST NO

TRANSVERSE DIST. /5

TRANSYERSE DIST. /8
14,PLATE M5,J1=106.J2=6,5/0=2.83,H/0=5.66

Figure 175, Measured Velocity
Distributions for Test No. 14
of DJM Phase III Testing.

TRANSVERBE DIST, 2/8
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5 =0.0508 METERS HO/DJ = 7.020

§/DJ = 3.510

X/HO = 0.250
X/DJ = 1.75

ORI /T

MERSURED VELOCITY PROFILES FOR TEST NO 15. TEST SECTION

CONTOUR

VALUE 0

TRANSVERSE DIST. /5

Figure 176, Measured Velocity
Distributions for Test No. 15
of DIM Phase III Testing.
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DENRATIO= 2.321 TRAT10=0.463

BLORAT= 15.708

VJET = 112.9 M/SEC TJET = 305.8 K THEB = 0.4318

TMRIN = 860-0 K

VMAIN = 16.7 M/SEC

-3

/HO = 0.500
X/DJ = 3.81

ot S e
1, PLATE MS . J=106.28 , S/D =2.83 . H/D = 5.66
1 2 3 4 5 6 7 8 El 10 11
0000 0.0500 0.1000 0.1500 0.2000 0.2500 0.3000 0.3500 0.4000 0.5000 0.8000
S L 10 no

5 5 . . flktbee 42

2 E <t Ao ]

¢ 2 2

£ L E -

TRANSVERSE DIST. 2/8 TRANGVERSE DIST, 2/5

TRANSVERSE OIST. 2/8
MEASURED VELOCITY CONTOURS FOR TEST NG 15,PLRTE MS.J1=106,J2=26.5/0=2.83.H/D=5.6



§ =0.0254 METERS S/DJ = 2.416  HO/OJ = 8.666 VYMAIN = 5.1  M/SEC VJET = 34.8 M/SEC  THAIN = 364.8 K TJET = 170.4 ¥  THEB = 0.3933 BLORAT= 15.602 DENRATIO= 2.280 TRAT10=0.467

gn e W

0.250

H0 = 1.000
2.42

X/Dd = 8.67 X/DJ = 19.33

VRN AET

MEASURED VELOCITY PROFILES FOR TEST NO 18, PLATE M-6(OFF-SET),JA=6.46 . J =106.78

IR/

. 5/D =2.00 . H/D =8.00

CONTOUR 1 2 3 4 5 6 7 8 9 10 1
VALUE 0.0000 0.0500 0.1000 0.1500 0.2000 0.2500 0-3000 0.3500 0.4000  0.5000  0.5000
I S S I I SR
]
< s [ e ———
g B B~ ]
g B = = g
2 o ] e ——— & NS
g ¥ E -
m\u/—v——v—\\f_ | N ———— ]
[
oo w w0 9
e TRANSVERSE DIST. /6 e o TRANGVERSE DIST. /8 & e TRANSVERSE DIST. £/8 s s 8

TRANGVERSE DIST. /%
MEASURED VELOCITY PROFILES FOR TEST NO 16. PLATE M-8(COFF-SET),JR=6.46 .J = 106.78 .S/D =2.00 ,H/D =8.00

Figure 177. Measured Velocity
Distributions for Test No. 16
of DJM Phase III Testing.
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5 =0.0254 METERS ~ S/DJ = 2,415

HO/DJ = 8.866 VHAIN = 5.2 M/SEC VJET = 35.0 M/SEC  TMAIN = 368.8 K TJET = 169.5 K THEB = 0.4408 BLORAT= 15.745  DENRATIO= 2.321 TRATIO0=0.460

o W

> >-Op#
X/HO = 0.250 X/HO = 0.500 /HO = 1.000 X/HO = 2.000
X/0d = 2.42 X/0J = 4.83 X/DJ = 8.87 X/0J = 18.33
o " o © ey womane
MEASURED VELOCITY PROFILES FOR TEST NO 17. PLRTE M-B(OFF-SET),JR=26.5 , J =106.82 , S/0 = 2.00 +» H/D = 8.00
CONTOUR 1 2 3 4 5 8 7 8 g 10 11
YALUE 0.0000 0.0500 g.1000 0.1500 2.2000 0.2500 0.3000 0.3500 0.4000 0.5000 0.6000
. I S B R I S N S
S £ 5L a ]| S ——————
9 g R gl ————
E H 8 e e T H
e
g d [T SN ———— ¢
g g e [ ———
o 8 8 8 e S na— e Ty
oo 5o
s TRANGYERSE D167, Z/6 i o TRANSYERSE DIET. 2/6 s ad TRANGVERGE 0[8T. 2/8 i s e

TRANSYERSE DIST. 2/6

MERSURED VELOCITY PROFILES FOR TEST NO 17. PLATE M-8(OFF-SET).JA=26.6 ,J = 106.82 ,5/D =2.00 .H/D = 8.00

Figure 178. Measured Velocity

Distributions for Test No
of DJM Phase IIT Testing.
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§ =0.0508 HETERS §/DJ = 2.358  HO/DJ = 4.716 VHRIN = 17.4 M/SEC VJET = 30.4 M/SEC TMAIN = 684.2 K TJET = 316.3 K THEB = 0.2116 BLORAT= 3.800 DENRATIO= 2.173 TRATIO=0.462

(/H0 = 2.000
X/0J = 9.43

[ra——— (U-VRINAET (O-wRIAET BT

MEASURED VELOCITY PROFILES FOR "EST NO 18. TM=CONST, 45 DEGREE SLOTS . J =6.64 ,» §/D =2.00 ., H/D=4.00

CONTOUR 1 2 3 4 5 6 7 8 k] 10 11
VALUE 0.0000 0.0S500 0-1000 0.1500 0.2000 0.2500 0.3000 0.3500 (0.4000  ©.5000  0.6000

i i

10 10

RROIRL OIST. Y
RRDIAL 01T, Y74
RROIAL DIST, Y/M
RRDLAL DIST, Y/H

pEC D

08 8 RE) 15 0.8 18 o5 15
TRANSVERSE OIST. 2/8 TRANSVERSE DIST. /5 TRANSVERSE DIST. 2/8 TRAMSVERSE 0IST, /5

MERSURED VELOCITY CONTOURS FOR TEST NO 18,PLATE M-7, J=6.64, §/0=2.00. H/D=4.00

00

Figure 179, Measured Velocity
Distributions for Test No. 18
of DJM Phase III Testing.
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§ =0.0508 METERS S/DJ = 2.458 H0/0J = 4.916 VHAIN = 17.2 M SEC VJET = 60.5 M/SEC TMRIN = 675.5 K TJET = 314.5 K THEB = 0.3336 BLORAT= 7.702 DENRRTIO= 2.186

/H) = 0.250

X/0d = 1.23
oA AET (B-wanET ORI ET TU-WRINET B
MEASURED VELOCITY PROFILES FOR TEST NO 19, TM=CONST, 45 DEGREE SLOTS , J =27.13 S/0 = 2.00 . H/D =4.00
CONTOUR 1 2 3 4 S 6 7 8 S 10 1
VALUE 0.0000 0.0500 0.1000 0-1500 0.200" 0.2500 0.3000 0.3500 0.4000 0.5000 0.6000
) + - ) ) o

E§ & e e E e Q e é
21 2 Y e S aa—— i |
H I B D) a— ) e

0 A9, > C > f.

. y 2 L
e TRRMSVERSE DIST, /8 i e TRRMSVERSE DIST. /3 hd s TRAMSVERSE D187, /8 e s TRRNSVERSE DIST, /5

MEASURED VELOCITY CONTOURS FOR TEST NO 1S,PLRTE M-7, J=27.13, §/D=2.00. H/D=4.00

Figure 180, Measured Velocity
Distributions for Test No. 19
of DJM Phase III Testing.
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5 =0.0508 METERS $/0J = 2,519 HO/DJ = 5.039 VMRIN = 16.2 M/SEC VJET = 112.0 M/SEC TMAIN = 537.4 K TJET = 307.8 K  THEB = 0.4865 BLORAT= 15.314  DENRATIO0= 2.209 TRATIO=0.483

P

R

X/HD = 0.250

X/DJ = 1.26 X/DJ = 10.08

%

WRn0ET O-VPATNIANET (B-WRINY/VET

MERSURED VELOCITY PROFILES FOR TEST NO 20, TM=CONST, 45 DEGREE SLOTS . J =106.18 , $/D =2.00 . H/D = 4.00

IRV

CONTOWR 1 2 3 4 5 B 7 8 9 10 11
VRLUE 0.0000 0.0500 0.1000 0.1500 0.2000 0-2500 0-3000 0.3500 0.4000 0.5000 0.6000
‘ L 1.0 L i 1.0
= = H—— ] = I, N
= o = e — 5
-3 2 ] Sm o f el
B g [ e —————— g %
— — — |
(o T
I 0a
0.5 TRANSYERSE 01ST. 2/8 s s TRANSYERSE OIST. 2/5 s o8 TRANSVERSE DIST. Z/5 s s TRANSVERSE DIST. 7/8 L8

MEASURED VELOCITY CONTOURS FOR TEST NO 20,PLATE M-7. J=106.2. $/D=2.00. H/D=4.00
FPigure 181. Measured Velocity
Distributions for Teat No. 20
of DJM Phase III Testing.
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§ =0.0508 METERS §/0J = 2.288  HO/DJ = 4.576 VMRIN = 16.3 H/SEC VJET = 104.3 M/GEC  TMAIN = 628.1 K TJET = 307.0 K  THEB = 0.5322 BLORAT= 15.170 DENRATIO= 2.230 TRAT10=0.488

S

P B

) \\\
(/HO = 0.250 \\\/HU = 2.000
X/0J = 1.14 X/0d = 8.15
= LI ™ R e
e (ORI VET INLET e
MEASURED VELOCITY PROFILES FOR TEST NO 21,TEST SECTION I.TM=CONST . J=103.19 ., §/D =2.00 » H/D = 4.00
CONTOUR 1 2 3 4 5 6 7 8 8 10 11
VALUE 0.0000 0.0500 0.1000 0.1500 0.2000 $.2500 0.3000 0.3500 0.4000 0.5000 0.86000
i i

RROIRL. DIST. Y/M
RRDIRL BIST, ¥/H
RRDIRL DIST. /M

|

08 16 0.5 15 o5 16 0.5 L8
TRANSVERSE DIST. 2/8 TRANGVERSE DIST, 2/8 TRANSYERSE DIST, 2/

TRANGVERSE O16T. /8
MEASURED VELOCITY CONTOURS FOR TEST NO 21, TM=CONST, J=103.2, 5/D=2.00. H/D=4.00

F@gure 182, Measured Velocity
Distributions for Test No. 21
of DJM Phase III Testing.
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8 =0.0508 METERS $/DJ = 2.286 HO/DJ = 4.573 VMAIN = 16.9 M/SEC VJET = 58.6 M/SEC TMAIN = 668.5 K TJET = 312.7 K  THEB = 0.3626 BLORRT= 7.572 DENRRTIO= 2.185 TRATI0=0.468

o

£

X/HO = 0.250 /HO = 1.000 \\\\X/HD = 2.000
X/0d = 1.4 X/0J = 4.57 X/0J = 9.15
Wy e W " W
MEASURED VELQCITY PROFILES FOR TEST NO 22,TEST SECTION I, ONE-SIDED . J =26.24 , §/D =2.00 , H/D=4.00
CONTOUR 1 14 3 4 5 6 7 8 ) 10 11
VALUE 0.0000 0.0500 0.1000 0.1500 0.2000 0.2500 0.3000 0.3500 0.4000 0.5000 0.6000
1.0 ‘ ‘ 10
£ 5 g ] A ———
2 2 2 1] G mm———
g ! H [ — o g
f - . 5 s B —4
o0 LR ] E- P S N PP
i b TRRNSVERSE DIST, /5 - s TRAGSVERSE DIST. 2/8 e b TARNSVERSE DIST. 2/8 i

MEASURED VELOCITY CONTOURS FOR TEST NO 22, TM=CONST. J=26.24, §/D=2.00. H/D=4.00

Figure 183, Measured velocity
Distributions for Test No. 22
of DJM Phase III Testing.
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TABLE 3. CONFIGURATIONS AND PLOW CONDITIONS FOR PHASE X, SGRCES ) 7TeSTS.

Nonsteaan Dilution dat Regions of Measursmsne
Nomentun
oeities Hass Flow | Temp Tenp cop | Flu
weve | mest oia s | ox asec | (rain (r3et) vatio Transve
Ho. | section | (o) L3 e (i) ) ) (Denrario) (Theb) Direction
T v 250 | oz [ s o273 5 B3 FCHN CRGT e T Tre 5.0 %0 1.0
2 ' 24 | 2 | o4 0.2856 551 308 520 ouson | sy 213 .27 0.0 tn 1.0
3 1 zes | 4| s 0.2657 a9 307 [T I B ) 212 0107 0.5 to 105
4 s s | oa | s a.2563 651 104 522 esrs | 2351 217 0,191 0.5 ko 405
s s PIEL BT 0.2604 s 306 sl fe.o | 2232 213 0.169 0.0 to L0
5 s 12 |2 | s a.2555 as0 299 1035 [0ses | s2.69 2.2 0.302 0.0 ta 1.0
, 11 12 | s s 02850 651 302 FERCR FISTY TR a9 0.105 0.5 to +0.5
8 T ) i e 0.2623 519 299 1060 fo.ges | ss.0 2.30 0.281 0.5 to 405
B ) 2 | 4 0.6207 206 s11 1084 fa6ra | 22,68 a6z 083 0.0t 1.0
I T 2se | s ] s 66327 23 109 1033 fo.6w0 | 22.63 0.66 0102 0.5 ko 405
n ' 2 | e 66333 30 05 2.2 fo.sa0 | 22.33 0.67 0102 6.5 to +0.5
12 5 a | s 08311 253 as? 7.6 [o.6m0 | 22.68 0.65 a.052 0.0t 1.0
TABLE 4. CONFIGURATIONS AND FLOW CONDITIONS POR PHASE 1, SEKIkS 2 TOSTS.
Katnotruan oi . Rugions ol Basue
“ Mass vlow | Tem
rout S Race | (et
o I O ) o) )
T 2 L 0.2815 cazrr | 20 ) 0.a2 6.5 - 2.0 0.0t 10
1 | 0.2572 aws | 308 ] 2,21 o.11s 0.5 - 20 0.5 1o w05
15 2 | e 0.2 616 1.3 oazos | 297 o 200 0,303 0520 0.5 ko 4.5
1 | e 0,334 s 1w | o.eves | s e2.0 | 0670|203 16 b 0.5 - 2.0 0.0 00
17 2 | 4 03067 538 1603 oazr | 20s 578 | o.en 205 180 0,305 0.5 - 2.0 0.0 k0 10
1 | 0,333 ses 1.2 | oewsz | a7 2.2 | wsrs| 2. 176 0,207 b5 - 2.0 0.5 0 105

211




TABLE 5. CONFIGURATIONS AND PLOW CORDITIONS FOR PHASE I, SERTES 3 TESTS.
Mainstrean bilucion Jet
segions of
Homentun
oitice Velceity | Mass Flow [ remp | velocity | cp, Flux bensity | Equilibriun
rest | mest ia s o tumain) Race | (mjer) | (vjer) Ratio acio Theta Axial Dizection Teansverse
No. | section | (cm) 5 |7 /) (kG/s) [c3) os) @ (benratiol (Teb) x/Rg) Direction (2/8)
15 i 127 3 s 159 002993 | 330 8.1 Jo.650]  27.07 .02 .106 5.5 - 2.0 0.0 to 1.0
20 u 127 4 8 15.5 0.05892 | 314 6.4 [o.s30 [ 102 219 0.185 0.25 - 2.0 9.0 t0 1.0
21 1 2.54 2 1 15.8 0.0s222 | 308 E R LR 5.7 213 0.197 0.50 - 2.0 5.0 o 1.0
2 1 2.58 2 s 0.2534 65¢ 15.8 0.112s 204 sa.s |o.soo | 25007 2.18 0.307 0.50 - 2.0 (AR
23 w L 1 s 0.0775 645 17.0 o.02088 | a2 s3.8 [o.660 | 21.08 210 0.087 0.25 - 1.0 0.5 to +0.n
2 Y 127 2 8 0.2172 a3 169 0.06006 | a1 105.1 |o.640 |  85.81 2.07 0,178 0.25 - 1.0 0.5 to 40.5
25 ™ 2.5¢ 2 4 v.2352 643 151 voss13 | a2 2.7 |o.620 673 2.00 0.183 0.50 - 1.0 0.0 ko 1.0
26 w 2.8 2 4 0.2452 a1 109 0,105 330 ssa fo.sae | 2638 1.96 0.295 .50 - 1.0 .0 to 1,0
2 v 127 1 8 0.2619 645 16.1 n.o322 | 320 s6.7 |o.es0 | 2718 2.08 0,107 0.25 - 1,0 0.0 to 1.0
2 v 127 1 8 a.2609 645 16.0 .oso7t | 319 nz.s foe2s | 1067 2.02 0.188 0.25 - 1.0 0.0 to 1.0
2 v 2.50 2 2 02560 43 1.7 o.06338 | 114 20,0 |08 7.0 2.08 LRt 0.50 - 1.0 0.5 o 405
» v 2.58 2 s 0.2502 545 156 o.1268 314 s6.a fowsan | 2731 2.08 0.8 050 - Lo 0.5 to +0.5
31 vi 1.27 s 8 5.2609 619 161 a.0a62 | 320 se.6  lo.ess | 26.58 2.07 LRU] 0.25 - 1.0 0.5 o 405
2 vt 1.27 s s 0.2687 637 16.5 0.06250 | an neo fos| 1036 2.18 o.189 0.25 - Lo 0.5 to 4.5
3 v1 2,58 2 i 0.2646 650 16.3 0.06089 | 01 2.5 [o.500 .04 2,17 0197 0,50 - 1.0 0.5 to 405
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